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Individual product data sheets for models not listed here are available from your local Burr-Brown salesperson or 
representative. See the listing on the inside back cover. 
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If you know the MODEL 
NUMBER, 


If you know the PRODUCT 
TYPE, 


Use the Model Index on the INSIDE 
FRONT COVER. 

Use the TABBED TABLE OF 
CONTENTS on page v. Or, use the 
SELECTION GUIDE TABLES at 
the front of each tabbed section. 


If you want NEW MODELS, Use the Model Index on the INSIDE 

FRONT COVER or the SELEC- 
TION GUIDE TABLES at the front 
of each tabbed section. New models 
contained in this supplement are 
shown in boldface; for other models 
see Burr-Brown Integrated Circuits 
Data Book Volume 33. Contact your 
local Burr-Brown salesperson or 
representative for information on 
new models. 


If you want a PRICE, If you are in the USA, see the USA 

PRICE LIST, Section 16. If you are 
outside the USA, contact your local 
Burr-Brown salesperson or represen- 
tative. 

If you want MILITARY Contact your local Burr-Brown 

components, salesperson or representative. See 

INSIDE BACK COVER. 


If you want DIE, 


Contact your local Burr-Brown 
salesperson or representative. See 
INSIDE BACK COVER. 
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About Burr-Brown 


Burr-Brown Corporation is a leading designer and manufacturer of precision 
microcircuits and microelectronic-based systems for use in data acquisition, 
signal conditioning, measurement, and control. 

We make our products for customers who pursue business success in the same 
way we do — through worldwide competition based on high performance, 
high quality, and high value. Our customers include OEMs, sophisticated 
end-users, systems integrators, and VARs who demand an extra measure of 
performance for their products and operations. 

COMPANY FACTS 

✓ Founded in 1956. 

%/ Corporate headquarters: Tucson, Arizona, USA. 

✓ 1450 employees. 

Manufacturing and technical facilities: Tucson; Livingston, Scotland; 
Atsugi, Japan. 

^ Sales and distribution subsidiaries in Austria, Belgium, England, France, 
Germany, Italy, Japan, the Netherlands, Sweden, and Switzerland; 19 
international sales representative organizations worldwide. 

%/ Superior customer service from more than 300 sales and service staff 
worldwide. 

✓ 800+ high-performance products. 
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UNDERSTANDING COMPONENT MODEL NUMBERS vii 
WHERE TO GO FROM HERE: 

BURR-BROWN SALES & SERVICE ix 

BURR-BROWN TECHNICAL LITERATURE * 

OPERATIONAL AMPLIFIERS 

INSTRUMENTATION AMPLIFIERS 
Amplifiers, Transmitters, Receivers 

ISOLATION PRODUCTS 

Isolation Amplifiers, Isolation Power Supplies 

ANALOG CIRCUIT FUNCTIONS 

Multipliers/Dividers, Log Amps, RMS-to-DC, 
Multifunction Converters, References 

DIGITAL-TO-ANALOG CONVERTERS 

6.1 -Instrumentation; 6.2-Audio, Communications, DSP 


* 


2 

3 





ANALOG MULTIPLEXERS * 

SAMPLE/HOLD AMPLIFIERS * 

ANALOG-TO-DIGITAL CONVERTERS 

9.1-Instrumentation; 9.2-Audio, Communications, DSP 

VOLTAGE-TO-FREQUENCY CONVERTERS 

DATA ACQUISITION COMPONENTS * 

SURFACE MOUNT COMPONENTS * 

ACCESSORIES * 

DSP AND OTHER BURR-BROWN PRODUCTS 
CROSS-REFERENCE INFORMATION * 

PRICE LIST (USA ONLY) 


* 




* 

* 



* See Burr-Brown Integrated Circuit Data Book Volume 33 
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Understanding Component 
Model Numbers 


Most Burr-Brown component products in this book have model numbers in 
the following form: 

ADC 80 M A H -12 /QM 

I 

Quality Designator 
(optional) 

Additional Performance 
Information (optional) 

Package Designator 

Performance Grade/Temp Range Designator 

Additional Performance Information (Second Generation, 
Improved Performance, etc.), 1 or 2 Letters (optional) 

Model Sequence Designator, 2 to 4 digits 
Product Type Prefix 

Exceptions: Second-source products are marked as similarly to the original 
vendor’s part number as possible. 


Some products designed for digital audio and signal processing applications 
have model numbers as follows: 

PCM 58 P -J 

Performance Grade/Temp Range Designator 
Package Designator 

Model Sequence Designator, 2 to 4 digits 
Product Type Prefix 
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viii 


Product Type Prefixes 



Product Type 

Prefix 

Description 

Amplifiers 

OPA 

Operational Amplifier 


INA 

Instrumentation Amplifier 


PGA 

Programmable Gain Amplifier 


ISO 

Isolation Amplifier 

Analog Circuit 

MFC 

Multifunction Converter 

Functions 

MPY 

Multiplier 


DIV 

Divider 


LOG 

Logarithmic Amplifier 

Frequency Products 

VFC 

Voltage-to-Frequency Converter 


UAF 

Universal Active Filter 

Conversion Products 

ADC 

A/D Converter 


ADS 

A/D Converter with Sample/Hold 


DAC 

D/A Converter 


DSP 

Products Tailored Especially for Digital 

Signal Processing 


MPC 

Multiplexer 


PCM 

A/D and D/A Converters for Audio 
and Digital Signal Processing 


SDM 

System Data Modules 


SHC 

Sample/Hold 

Miscellaneous 

PWS 

Power Supply 


PWR 

Power Supply 


REF 

Reference 


XTR 

Transmitter 


RCV 

Receiver 


Performance Grade and Temperature Range Designators 

0°C to 70°C 

Temperature Range 
-25°Cto+85°C"> 

-^55°CtO +125°C 

(Commercial) 

(Industrial) 

(Military) 

increasing Parametric 

Performance H 

A 

R 

1 J 

B 

S 

T K 

1 L (best) 

C (best) 

T (best) 


NOTE: (1) For some industrial products this may be -40°C to 85°C. 


Package Designators 


Quality Designators 


M Metal (hermetic) 

P Plastic DIP (nonhermetic) 

G Ceramic (hermetic or 

nonhermetic) 

U SOIC 

N PLCC 

L Ceramic Leadless Chip Carrier 

D Die 

H Ceramic hermetic 


Q Burr-Brown’s Q program 

QM or /QM Burr-Brown’s Q program 

with Military Visual Criteria 
Bl or B Burn-in 
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Where To Go From Here: 
Burr-Brown Sales & Service 


The Burr-Brown Integrated Circuits Data Book Supplement Vol. 33b con- 
tains an extensive variety of new precision microcircuits. These have been 
introduced since the January 1989 publication of the 1300-page Burr-Brown 
Integrated Circuits Data Book Vol. 33, which is available free upon request 
from your local salesperson or by calling 1-800-548-6132 (USA only). With 
both books, you will have an up-to-date collection of product data sheets on 
all commercial Burr-Brown IC parts. 

ABOUT THIS BOOK 

All Burr-Brown models are listed in Selection Guide tables at the beginning 
of each tabbed section. With these tables you can quickly compare specs 
among different models and choose the best part for your design. Complete 
product data sheets for items in bold are in this book, starting on the refer- 
enced page. Items not in bold are in the larger IC Data Book. 

Data sheets are arranged alphanumerically, so if you know the name of the 
part you can find it quickly. Or, use the Model Index on the inside front cover. 
There you’ll find models in this book in bold and arranged alphanumerically, 
along with models indexed from the larger IC Data Book. Throughout this 
book the prefix ‘S’ designates page numbers for the Data Book Supplement. 


SUPERIOR CUSTOMER SERVICE 

Burr-Brown gives you the best customer service in the industry — whether 
you need additional technical literature, technical assistance from factory- 
trained applications engineers, to place an order, or to return products. For 
immediate assistance with any of the following, contact your local Burr- 
Brown salesperson or representative. See the inside back cover. Or, in the 
USA call our Customer Service Center at 1-800-548-6132. 

Technical Literature — In addition to individual data sheets, Burr-Brown 
has an extensive library of other useful publications. A brief summary: IC 
Data Book, Vol. 33 ( 1/89); Power Sources Handbook, Vol. 2 (8/90); reliability 
reports, application notes and handbook, UPDATE, Design Update , our ap- 
plications engineering newsletter. We also offer a comprehensive product 
selection guide on a PC diskette. The same information is available via our 
Electronic Bulletin Board Service (see below). 
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Other Technical Information — Application engineers are available during 
working hours to help you with product selection, design advice, trou- 
bleshooting, documentation, etc. Call customer service at 1-800-548-6132 
(USA only). 

Electronic Bulletin Board Service — Computer-based information system 
offers up-to-date product announcements, application notes/suggestions, 
software/utilities (for example, pSPICE models), tech support message 
center, and E-mail. Available 24 hours per day at no charge, except for toll 
call. Use these settings: 300/1 200/2400 8-N- 1 ; XMODEM file transfer. BBS 
number is (602) 741-3978. 

Placing Orders — You can place orders via telephone, FAX, mail, TWX, or 
Telex with any authorized Burr-Brown field sales office, sales representative, 
or our Tucson headquarters. A complete list of sales offices is on the inside 
back cover of this book. For more information about placing an order, contact 
your local Burr-Brown salesperson or representative. See the inside back 
cover. Or, call customer service at 1-800-548-6132 (USA only). 

If the products you want are readily available off the shelf, you can pay for 
them with your VISA or MasterCard. For more information, call customer 
service at 1-800-548-6132. 

Prices and Quotations — Prices in this book (USA only) are USA OEM 
prices and are subject to change. Price quotations made by Burr-Brown or its 
authorized field sales representatives are valid for 30 days. Delivery quota- 
tions are subject to reconfirmation at the time of order placement. For more 
information about pricing, contact your local Burr-Brown salesperson or 
representative. Or, call customer service at 1-800-548-6132 (USA only). 

Returns and Warranty Service — When returning products for any reason, 
contact Burr-Brown prior to shipping for authorization and shipping in- 
structions. For complete instructions, contact your local Burr-Brown sales 
office or representative. In the USA, call our Customer Service Center at 

1-800-548-6132. 

Please ship returned units prepaid and supply the original purchase order 
number and date, along with an explanation of the malfunction. Upon receipt 
of the returned unit and your RMA number, Burr-Brown will verify the 
malfunction and inform you of the warranty status, cost to repair or replace, 
credits, and status of replacement units where applicable. 


x 
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OPERATIONAL AMPLIFIERS 



APPLICATION GROUPS 

Burr-Brown operational amplifiers are listed in eight applications groups 
described below. This helps you determine and select the best operational 
amplifier available for a design. Instrumentation amplifiers and isolation 
amplifiers are described in Sections 3 and 4 respectively. 

LOW DRIFT 

Low drift operational amplifiers are best suited for applications where 
accuracy must be preserved over a substantial temperature range. These 
amplifiers are optimized to minimize the initial input offset voltage and input 
offset voltage change with temperature. Input offset drifts from O.ljiV^C to 
5pV/°C are available within this group. 

LOW BIAS CURRENT 

Low bias current operational amplifiers consist of FET input designs. This 
group includes amplifiers with input bias currents from O.OlpA to 50pA. 
Applications with large feedback resistances or large source resistances (long 
time constants, integrators, current sources, etc.) and buffer applications will 
benefit by the use of low bias current amplifiers. 

LOW NOISE 

This group contains low noise bipolar and FET input operational amplifiers. 
Burr-Brown units offer guaranteed noise spectral density, 100% tested. In 
applications such as low noise signal conditioning, light measurements, 
radiation measurements, photodiode circuits or low noise data acquisition, 
the fully characterized and tested voltage noise performance of these units 
allows the designer to truly bound noise errors. 


Burr-Brown IC Data Book Supplement , Vol. 33b 


2-1 



For Immediate Assistance, Contact Your Local Salesperson 


WIDEBAND 

Wideband operational amplifiers have bandwidths greater than 5MHz. This 
group also contains fast settling and high slew rate amplifiers. These ampli- 
fiers reduce phase errors at high frequencies and accurately reproduce 
complex waveforms. These amplifiers are well suited for pulse, video, fast 
settling, and multiplexing applications. 

HIGH VOLTAGE 

Amplifiers in this group are designed to provide large output voltage swings 
and to operate on wide ranges of supply voltage. Output voltages from ±10V 
and ±145V (up to 290V, single supply) are available in this applications 
group. These amplifiers provide good frequency response and performance in 
other parameters. Most models have electrically isolated packages and 
automatic thermal sensing and shutdown. All units have FET inputs to 
minimize bias current errors when the amplifier is used with the large 
resistances usually found with high-voltage amplifiers. 

HIGH CURRENT 

These amplifiers provide output currents from ±1 A to ±10A. They are used 
with small load resistances, coax cable driving, and with power booster 
applications. Many units have self-contained thermal sensing and shutdown 
to automatically protect the amplifiers from overheating and damage. All of 
these units have electrically isolated packages. 


UNITY-GAIN BUFFER (POWER BOOSTER) 

Unity-gain buffer amplifiers have a wide variety of applications. They are 
used to boost the output current capability of another amplifier, buffer an 
impedance that might load a critical circuit or to be an input impedance 
converter from an input that must not be loaded. These amplifiers may also be 
used inside the feedback loop of another operational amplifier to form a 
current-boosted composite amplifier. 

SPECIAL PURPOSE 

Special purpose op amps provide features or performance that don’t fit 
conventional categories. These include op amps specified for veiy wide 
temperature range and devices with switchable inputs. 

OPERATIONAL AMPLIFIERS SELECTION GUIDES 

The following Selection Guides show parameters for the high grade. Refer to 
the Product Data Sheet for a full selection of grades. Models shown in 
boldface are new products introduced since publication of the previous Burr- 
Brown IC Data Book. 
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LOW DRIFT 

Low offset voltage drift vs temperature performance in both FET and bipolar 
input types is obtained by our sophisticated drift compensation techniques. 
First, the drift is measured and then special laser trim techniques are used to 
minimize the drift and the initial offset voltage at 25°C. Finally, “max drift” 
performance is retested for conformance with specifications. 


LOW DRIFT OPERATIONAL AMPLIFIERS (<5nV/°C) Boldface = NEW 




Offset Voltage, 

Bias 

Open 

Frequency 








max 

Current 

Loop 

Response 








At 

Temp 

(25°C), 

Gain, 

Unity 

Slew 

Rated 






25°C, 

Drift, 

max 

min 

Gain 

Rate 

Output, min 

Temp 


Page 

Description 

Model 

(±m V) 

(±pV/°C) 

(nA) 

(dB) 

(MHz) (V/ps) 

<±V) 

(±mA) Range 11 

Pkg 

No. 

FET 

OPA627M 

0.1 

1 

20 

110 

16 

45 

11.5 

30 

Ind 

TO-99 

S2-74 


OPA627P 

0.25 

2 

50 

104 

16 

40 

11.5 

30 

Ind 

DIP 

S2-74 


OPA637M 

0.1 

1 

20 

110 

50 

100 

11.5 

30 

Ind 

TO-99 

S2-74 


OPA637P 

0.25 

2 

50 

104 

50 

100 

11.5 

30 

Ind 

DIP 

S2-74 


OPA111M 

0.25 

1 

±0.001 

120 

2 

2 

11 

5 

Ind 

TO-99 

2-55 

Wideband 

OPA156M 

2 

5 

0.05 

94 

6 

14 

10 

5 

Mil 

TO-99 

2-80 


OPA356M 

2 

5 

0.05 

94 

6 

14 

10 

5 

Com 

TO-99 

2-80 


OPA602M 

0.25 

2 

±.001 

92 

6.5 

28 

10 

15 

Ind 

TO-99 

2-145 


OPA602P, U 

0.5 

5 

±.002 

88 

6.5 

24 

10 

15 

Ind 

DIP, SOIC 

2-145 


OPA606M 

0.5 

5 

±0.01 

100 

13 

35 


5 

Com 

TO-99 

2-158 

Dual FET 

OPA2111M 

0.5 

2.8 

±0.004 

114 

2 

2 

11 

5 

Ind 

TO-99 

2-195 


OPA2107P 

0.5 

5 

0.006 

80 

5 

15 

11 

10 

Ind 

DIP, SOIC 

S2-114 

Low Power 

OPA1013 

0.15 

2 

20 

123 

0.8 

0.4 

13 

5 

Com 

DIP, TO-99 S2-104 

(Dual) Single 













Supply Operation 












Bipolar 

OPA177Z, P 

0.01 

0.1 

1.5 

134 

0.6 

0.3 

12 

10 

Ind 

DIP 

S2-13 


OPA177S 

0.06 

1.2 

2.8 

126 

0.6 

0.3 

12 

10 

Ind 

SOIC 

S2-13 


OPA77Z, P 

0.025 

0.3 

2.0 

134 

0.6 

0.3 

12 

10 

Ind 

DIP 

S2-13 


OPA27J, Z 

0.025 

0.6 

±40 

120 

8 

1 .9 (3 > 

12 

16.6 

Mil 

TO-99, 

2-27 












DIP 

2-27 


OPA37J, Z 

0.025 

0.6 

±40 

120 

63 (2) 

11.9< 3 > 

12 

16.6 

Mil 

TO-99, 

2-27 












DIP 

2-27 


OPA27P, U 

0.100 

1.8 

±80 

117 

8 

1 .9 (3) 

12 

16.6 

Com 

DIP, SOIC 

2-27 


OPA37P, U 

0.100 

1.8 

±80 

117 

63 (2) 

1 1 .9 (3) 

12 

16.6 

Com 

DIP, SOIC 

2-27 


NOTES: (1) Com = 0°C to +70°C, Ind = -25°C to +85°C, Mil « -55°C to +125°C. (2) Gain-bandwidth product for OPA37. 
A v a 5 min. (3) Typical. 


LOW BIAS CURRENT 

Our many years of experience in designing, manufacturing and testing FET 
amplifiers give us unique abilities in providing low and ultra-low bias current 
op amps. These amplifiers offer bias currents as low as 75fA (75 x 10~ 15 A) and 
voltage drift as low as l|iV/°C. With offset voltage laser-trimmed to as low 
as 250|iV, the need for expensive trim pot adjustments is eliminated. 
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OPERATIONAL AMPLIFIERS 










For Immediate Assistance, Contact Your Local Salesperson 


LOW BIAS CURRENT OPERATIONAL AMPLIFIERS (<50pA) Boldface s NEW 




Offset Voltage, 

Bias 

Open 

Frequency 








max 

Current 

Loop 

Response 








At 

Temp 

(25°C), 

Gain, 

Unity 

Slew 

Rated 






25°C, 

Drift, 

max 

min 

Gain 

Rate 

Output, min 

Temp 


Page 

Description 

Model 

(±mV) (±pV/°C) 

(PA) 

(dB) 

(MHz) (V/ps) 

(±V) 

(±mA) 

Range' 1 

► Pkg 

No. 

FET 

OPA111M 

0.25 

1 

±1 

120 

2 

2 

11 

5 

Ind 

TO-99 

2-55 


OPA627M 

0.1 

1 

20 

110 

16 

45 

12 

30 

Ind 

TO-99 

S2-74 


OPA627P 

0.25 

2 

50 

104 

16 

40 

12 

30 

Ind 

DIP 

S2-74 


OPA637M 

0.1 

1 

20 

110 

50 

100 

11.5 

30 

Ind 

TO-99 

S2-74 


OPA637P 

0.25 

2 

50 

104 

50 

100 

11.5 

30 

Ind 

DIP 

S2-74 

Low Noise 

OPA101M 

0.25 

5 

-10 

94 

10 

6.5 

12 

12 

Ind 

TO-99 



OPA102M 

0.25 

5 

-10 

94 

40 

14 

12 

12 

Ind 

TO-99 


Ultra-Low 

OPA128M 

0.5 

5 

±0.075 

110 

1 

3 

10 

5 

Com 

TO-99 

2-72 

Bias Current 

AD515H 

1 

25 

0.075 

88 

0.35 

1 

10 

5 

Com 

TO-99 

2-13 

Dual FET 

OPA2111M 

0.5 

2.8 

±4 

114 

2 

2 

11 

5 

Ind 

TO-99 

2-195 


OPA21 IIP 

2 

15 

±15 

106 

2 

2 

11 

5 

Com 

DIP 

2-195 


OPA2107P 

0.5 

5 

6 

80 

5 

15 

11 

10 

Ind 

DIP, ! 

52-114 












SOIC 1 

S2-114 

Quad FET 

OPA404G 

0.75 

3< 2 > 

±4 

92 

El 

35 

12 

5 

Ind 

DIP 

2-94 


OPA404P, U 

2.5 

5 < 2 ) 

±12 

88 

El 

35 

11.5 

5 

Com 

DIP, SOIC 

2-94 

Low Cost 

OPA121M 

2 

10 

±5 

110 

2 

2 

11 

5 

Com 

TO-99 

2-66 


OPA121P, U 

3 

10 

±10 

106 

2 

2 

11 

5 

Com 

DIP, SOIC 

2-66 


OPA602M 

0.25 

2 

1 

92 

6.5 

28 

10 

15 

Ind 

TO-99 

2-145 


OPA602P 

0.5 

5 

2 

88 

6.5 

24 

10 

15 

Ind 

DIP, SOIC 

2-145 

Wideband 

OPA606M 

0.5 

5 

±10 

100 

13 

35 

12 

5 

Com 

TO-99 

2-158 


OPA606P 

3 

10< 2 > 

±25 

90 

12 

30 

11 

5 

Com 

DIP 

2-158 


NOTES: (1 ) Com = 0°C to +70°C, Ind = -25°C to +85°C, Mil = -55°C to +125°C. (2) Typical. 


LOW NOISE 

Now both FET and bipolar input op amps are offered with guaranteed low 
noise specifications. Until now the designer had to rely on “typical” specs for 
his demanding low noise designs. These fully characterized parts allow a truly 
complete error budget calculation. 


LOW NOISE OPERATIONAL AMPLIFIERS (Very Low ej Boldface s NEW 


Frequency 

Noise Bias Offset Open Response 


Voltage 
at 10kHz, 
max_ 

Description Model (nVA/Hz) 

Current 

(25°C), 

max 

(PA) 

Voltage, max 
at Temp 

25°C Drift 

(±mV) (±pV/°C) 

Loop 

Gain, 

min 

(dB) 

Slew 
Gain Rate, 
BW min 
(MHz) (V/ps) 

Rated 

Output, min 
(±V) (±mA) 

Temp 

Range' 1 * 

Page 
Pkg No. 

Bipolar OPA27J, Z 3.8 

±40nA 

0.025 

0.6 

120 

8 

1 .9 (2) 

12 

16.6 

Mil 

TO-99, 2-27 
DIP 

OPA37J, Z 3.8 

±40nA 

0.025 

0.6 

120 

63 

11. 9® 

12 

16.6 

Mil 

TO-99, 2-27 
DIP 

OPA177Z, P TO 

1.5 

0.01 

0.1 

134 

0.6 

0.3 

12 

10 

Ind 

DIP S2-13 

OPA177S 10 

2.8 

0.06 

1.2 

126 

0.6 

0.3 

12 

10 

Ind 

SOIC S2-13 

OPA77Z, P 11 

2.0 

0.025 

0.3 

134 

0.6 

0.3 

12 

10 

Ind 

DIP S2-13 


(Continued on next page) 
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LOW NOISE OPERATIONAL AMPLIFIERS (Very Low ej (Continued) 




Boldface : 

= NEW 







Frequency 







Noise 

Bias Offset 

Open 

Response 







Voltage 

Current Voltage, max 

Loop 


Slew 







at 10kHz f 

(25°C), at 

Temp 

Gain, 

Gain 

Rate, 

Rated 





max 

max 25°C 

Drift 

min 

BW 

min 

Output, min 

Temp 


Page 

Description 

Model (nV/VHz) 

(pA) (±mV) 

(±HV/°C) 

<dB) 

(MHz) (V/ps) 

(±V) 

(±mA) 

Range (1 > 

Pkg 

No. 

Wide 

OPA101M 

8 

-10 0.25 

5 

94 

20 

5 

12 

12 

Ind 

TO-99 

2-43 

Bandwidth 

OPA102M 

8 

-10 0.25 

5 

94 

40 

10 

12 

12 

Ind 

TO-99 

2-43 

FET 

OPA111M 

8 

±1 0.25 

1 

120 

2 

1 

11 

5 

Ind 

TO-99 

2-55 ■ 


OPA602M 

12 (2) 

1 0.25 

2 

92 

6.5 

28 

10 

15 

Ind 

TO-9 

2-1451 


OPA627M 

5.4 




16 

45 

11.5 

30 

Ind 

TO-99 

S2-74I 


OPA627P 

6.2 

50 0.25 

2 

104 

16 


11.5 

30 

Ind 

DIP 

S2-74 


OPA637M 

5.4 

20 1 


110 



11.5 


Ind 

TO-99 

S2-74 


OPA637P 

6.2 


2 


50 


11.5 

30 

Ind 

DIP 

S2-74 

Low Cost 

OPA27P, U 

4.5 

±80nA 0.100 

1.8 

117 

8 

1.9® 

10 

16.6 

Com DIP, SOIC 2-27 


OPA37P, U 

4.5 

±80nA 0.100 

1.8 

117 

63 

1 1 .9 (2) 

10 

16.6 

Com DIP, SOIC 2-27 

Dual FET 

OPA2111M 

8 

±4 0.5 

2.8 

114 

2 

1 

11 

5 

Ind 

TO-99 

2-195 


OPA21 IIP 

6< 2 > 

±15 2 

15 

106 

2 

1 

11 

5 

Com 

DIP 

2-195 

Dual Audio 

OPA2604 

10 

100 2 

5 

100 

10 

15 

12 

20 

Ind 

DIP, ! 

52-122 

Op Amp 











SOIC S2-122 

NOTES: (1) Ind = -25°C to +85°C, Mil = -55°C to +125°C, Com = 0°C to +70°C. (2) Typical. 






UNITY-GAIN BUFFER (POWER BOOSTER) 







These versatile amplifiers boost the ouput current capability of another 




amplifier; buffer an impedance that might load a critical circuit; and may be 




used inside the feedback loop of another op amp to form a current-boosted, 




composite amplifier. Currents as high as ±200mA are available with speeds 




of 2000 V/jts. 












UNITY-GAIN BUFFER OPERATIONAL AMPLIFIERS 






Boldface 

= NEW 


Rated 

Frequency Responses 


Input 





Output, min 

-3dB Full Power 

Slew Rate 

Gain 

Impedance 

Temp 


Page 

Description Model 

(±V) 

(±mA) 

(MHz) 

(MHz) 

(V/n s) 

(V/V) 

(O) 

Range (1) 

Pkg 

No. 

High 3553AM 

Performance 

10 

200 

300 

32 

2000 

=1 

10 11 

Ind 

TO-3 

2-225 

Low Cost OPA633H, P 

11 

80 

275 

65 

2500 

=1 

1.5 x10 s 

Ind 

TO-8, DIP 

2-176 

Transcon- OPA660 
ductance Amp 
and Buffer 

4 

8 

700 

550 

2000 

=1 

10 s 

Ind 

DIP, SOIC 

S2-88 


NOTE: (1) Ind = -25°C to +85°C. 
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OPERATIONAL AMPLIFIERS 



















For Immediate Assistance, Contact Your Local Salesperson 


WIDE BANDWIDTH 

Design expertise in wideband circuits combines with our fully developed 
technology to create cost-effective wideband op amps. Burr-Brown high- 
speed amplifiers also offer outstanding DC performance specifications. 


WIDE BANDWIDTH OPERATIONAL AMPLIFIERS (>5MHz) Boldface = NEW 


Frequency Response 


Offset Voltage, 

Open 



Slew 


max 

Loop 



Gain Rate t s 

Rated 

At Temp 

Gain, 



BW min ±0.1% 

Output, min 

25°C Drift 

min 

Temp 

Page 

Description Model (MHz) (V/ps) (ns) Comp 

(±V) (±mA) 

(±mV) (±|iV/°C) 

(dB) 

Range (,) Pkg 

No. 


FET 

OPA156M 

6 

10 

1.5ns 

int 

10 

5 

2 

5 

94 

Mil 

TO-99 2-80 


OPA356M 

6 

10 

1.5ns 

int 

10 

5 

2 

5 

94 

Com 

TO-99 2-80 


OPA602M 

6.5 

28 

600 

int 

10 

15 

0.25 

2 

92 

Ind 

TO-99 2-145 


OPA602P, U 

6.5 

24 

600 

int 

10 

15 

0.5 

5 

88 

Ind 

DIP, SOIC 2-145 

Dual 

OPA2107 

5 

15 

ins 

int 

11 

10 

0.5 

5 

82 

Ind, Mil DIP, S2-114 
TO-99, S2-114 
SOIC S2-114 

Dual Audio 

OPA2604 

10 

25 

2 

int 

10 

20 

1 

5typ 

82 

Ind 

DIP, S2-122 


TO-99 S2-122 


Op Amp OPA605M 

200 , 
A=1 000 

300 |3) 

300 

ext 

10 

30 

0.5 

5 

96 (3) 

Ind 

DIP 

2-152 

OPA606M 

13 

25 

ins 

int 

12 

5 

0.5 

5 ( 2 ) 

100 

Com 

TO-99 

2-158 

OPA606P 

12 

20 

ins 

int 

11 

5 

3 

10 < 2 > 

90 

Com 

TO-99 

2-158 

OPA627M 

16 

45 

400 

int 

11.5 

30 

0.1 

1 

110 

Ind 

TO-99 

S2-74 

OPA627P 

16 

40 

400 

int 

11.5 

30 

0.25 

2 

104 

Ind 

DIP 

S2-74 

OPA637M 

50 

100 

300 

G>5 

11.5 

30 

0.1 

1 

110 

Ind 

TO-99 

S2-74 

OPA637P 

50 

100 

300 

G>5 

11.5 

30 

0.25 

2 

104 

Ind 

DIP 

S2-74 

3554M 

1700, 

A=1000 

1000 

120 

ext 

10 

100 

1 

15 

100 

Ind 

TO-3 

2-229 

3551 

50, 

A =10 

250 

400 

ext 

10 

10 

1 

50< 2 > 

88 

Com 

TO-99 

2-221 

3550 

20 , 

A=1 

100 

400 

int 

10 

10 

1 

50< 2 > 

88 

Com 

TO-99 

2-217 


Bipolar 

3507 

20 , 

A=10 

80 

200 

ext 

10 

10 

10 

30« 2 > 

83 

Com 

TO-99 2-213 

Current- 

Feedback 

OPA603P 

50 

(G =1 to 50) 

1000 

\ 

50 

NA 

10 

75 

5 

8 typ 

NA 

Ind 

DIP S2-30 

Transcon- OPA660 
ductance Amp 
and Buffer 

700 

2000 

25 

NA 

4.0 

20 

20 

50 

NA 

Ind 

DIP, SOIC S 2-88 

Quad FET 

OPA404G 

6.4 

28 

mm 

int 

11.5 

5 

0.75 

3 ( 2 ) 

92 

Ind 

DIP 2-94 


OPA404P, U 6.4 

24 

Cl 

int 

11.5 

5 

2.5 

5 ( 2 ) 

88 

Com DIP, SOIC 2-94 

Low Noise 

OPA27 

8,A=1 

1.9< 2 > 

— 

int (3) 

12 

16.6 

0.025 


120 

Mil 

TO-99, DIP 2-27 

Bipolar 

OPA37 

63,A-5 

1 1 ,9 121 

— 

int (3) 

12 

16.6 

0.025 


120 

Mil 

TO-99, DIP 2-27 

Low Noise 
FET 

OPA 101 M 

20 , 

A=100 

5 

2.5ns 

int 

12 

12 

0.25 

5 

94 

Ind 

TO-99 2-43 


OPA102M 

40, 

A=1 00 

10 

i.5ns 

int 

12 

12 

0.25 

5 

94 

Ind 

TO-99 2-43 

Fast 

OPA600M 

5000, 

500 

80 

ext 

9 

180 

4 

40 

86 

Ind 

DIP 2-137 


Settling A=1000 
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WIDE BANDWIDTH OPERATIONAL AMPLIFIERS (£5MHz) (Continued) Boldface = NEW 




Frequency Response 




Offset Voltage, Open 







Slew 





max 

Loop 






Gain 

Rate 

ts 


Rated 

At 

Temp 

Gain, 






BW 

min 

±0.1% 


Output, min 

25°C 

Drift 

min 

Temp 


Page 

Description 

Model 

(MHz) 

(V/ps) 

(ns) 

Comp 

(±V) 

(±mA) 

(±mV) (±pV/°C) 

<dB) 

Range (1) 

Pkg 

No. 

Very Fast 

OPA620 

200 

175 (2) 

10 

int 

3 

150® 

0.5 

QM 

55 

Com, Mil 

DIP, 

S2-42 













SOIC 

S2-42 

Settling 

OPA621 

500, 

350® 

15 

int 

3 

150® 

0.5 

12W 

55 

Com, Mil 

DIP, 

S2-48 

Precision 


A=10 










SOIC 

S2-48 

Very Fast 

OPA675G 

3000, 

240 

15 

ext 

2.1 

30 P) 

1 

5 

65 

Com, Mil 

DIP 

S2-90 1 

Settling 


A=16 











1 

Switched 

OPA676G 

3000, 

240 

15 

ext 

2.1 

30 P) 

1 

5 

65 

Com, Mil 

DIP 

S2-90 

Input 


A=16 












Low Cost 

OPA27P, U 

8,A»1 

1.9® 



int 

12 

16.6 

0.100 

1.8 

117 

Com DIP, SOIC 

2-27 


OPA37P, U 

63, 

11.9® 

— 

int <3) 

12 

16.6 

0.100 

1.8 

117 

Com DIP, SOIC 

2-27 


A=5 

NOTES: (1 ) Com = 0°C to +70°C, Ind = -25°C to +85°C, Mil = -55°C to +1 25°C. (2) Typical. (3) G = 5 min for OPA37. 


HIGH VOLTAGE, HIGH CURRENT OPERATIONAL AMPLIFIERS Boldface = NEW 


Offset Voltage, Bias Frequency 

max Current Response Open 


Description 

Model 

Rated Output, 
min 

(±V) (±mA) 

At Temp 
25°C Drift 
(±mV) (±pV/°C) 

(25°C), 

max 

(PA) 

Unity 

Gain 

(MHz) 

Slew 

Rate 

(V/ps) 

Loop 

Gain 

(dB) 

Temp 

Range (1) 

Pkg 

Page 

No. 

High Power 

OPA501M 

26 

10A 

5 

40 

20nA 

1 

1.35 

98 

Ind 

TO-3 

2-109 


OPA511M 

22 

5A 

10 

65 

40 

1 

1 

91 

Ind 

TO-3 

2-117 


OPA512BM 

35 

10A 

6 

65 

30 

4 

2.5 

110 

Ind 

TO-3 

2-122 


OPA512SM 

35 

15A 

3 

40 

20 

4 

2.5 

110 

Mil 

TO-3 

2-122 


OPA541M 

35 

5A 

1 

30 

50 

1.6 

6 

90 

Ind 

TO-3 

S2-22 


OPA541AP 

30 

5A 

10 

40 

50 

1.6 

6 

90 

Ind 

Power 

Plastic 

S2-22 

(Dual) 

OPA2541M 

35 

5A 

1 

30 

50 

1.6 

8 

90 

Ind 

TO-3 

2-205 


3573 M 

20 

2A (4) 

10 

65 

40nA 

1 

2.6 

94 

Ind 

TO-3 

2-243 

Wideband 

3554M 

10 

100 

1 

15 

50 

1 700 (2) 

1200 

100 

Ind 

TO-3 

2-229 

High Voltage 

3584M 

145 

15 

3 

25 

20 

20 (2) 

150 

126 

Com 

TO-3 

2-255 


3583M 

140 

75 

3 

25 

20 

5 

30 

118 

Ind 

TO-3 

2-251 


3582 

145 

15 

3 

25 

20 

5 

20 

118 

Com 

TO-3 

2-247 


3581 

70 

30 

3 

25 

20 

5 

20 

112 

Com 

TO-3 

2-247 


3580 

30 

60 

10 

30 

50 

5 

15 

106 

Com 

TO-3 

2-247 


OPA445BM 

35 

15 

3 

10 

50 

2 

10 

100 

Ind 

TO-99 

2-104 

Buffer 

3553M 

10 

200 

50 

300® 

200 

300 

2000 

NA 

Ind 

TO-3 

2-225 


OPA633 

11 

80 

15 

33® 

35pA 

275 (5) 

2500 

NA 

Ind 

DIP 

2-176 


NOTES: (1 ) Com = 0°C to +70°C, Ind = -25°C to +85°C, Mil = -55°C to +125°C. (2) Gain-bandwidth product. (3) 2A peak. (4) 5A 
peak. (5) Typical. 
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OPERATIONAL AMPLIFIERS 











For Immediate Assistance, Contact Your Local Salesperson 


SPECIAL PURPOSE 

These op amps offer specialized performance or function, including devices 
with wide temperature range, low quiescent current, and switched inputs. 


SPECIAL PURPOSE OPERATIONAL AMPLIFIERS 




Boldface 

= NEW 



Offset Voltage, 

Bias 

Open 

Frequency 







max 

Current 

Loop 

Response 







At Temp 

(25°C), 

Gain, 

Unity Slew 

Rated 






25°C, Drift, 

max 

min 

Gain Rate 

Output, min 

Temp 


Page 

Description 

Model 

(±m V) (±pV/°C) 

(nA) 

(dB) 

(MHz) (V/ps) 

(±V) (±mA) 

Range (1 > 

Pkg 

No. 

Very Fast 

OPA675G 

1 5 

35pA 

65 

IBS 121 350 

uu 

Com, Mil 

DIP 

S2-90 

Settling 

OPA676G 

1 5 

35pA 

65 

185« 350 

EKfl 

Com, Mil 

DIP' 

S2-90 

NOTES: (1) Com - 0°C to +70°C, Mil = -55°C to +1 25°C. (2) -3dB BW at Gain of +10V/V. 


Models STILL available but not featured in this book 


Model 

Description 

Recommended 
Newer Model 

Equivalency* 1 ’ 

3329/03 

Hybrid Power Booster 

OPA633 

F/E 

3500 

Low Bias Current Op Amp 

OPA27 

F/E 

3501 

Low Bias Current Op Amp 

OPA111 

P/P 

3510 

Low Drift Op Amp 

OPA27 

F/E 

3521 

Low Drift Op Amp 

OPA111 

P/P 

3522 

Low Drift Op Amp 

OPA111 

P/P 

3523 

Low Bias Current Op Amp 

OPA128 

P/P 

3527 

Low Drift FET Op Amp 

OPA111 

P/P 

3528 

Low Bias Current Op Amp 

OPA128 

P/P 

3542 

FET Input Op Amp 

OPA121 (2) 

P/P 

OPA37HT 

Wide Temp Op Amp 

OPA11HT 

P/P 

OPA103 

Low Bias Current Op Amp 

OPA128 

P/P 

OPA104 

Low Bias Current Op Amp 

OPA128 

P/P 

DEMI 02 

Demo Kit for IS0 102 



DEMI 06 

Demo Kit for ISOI 06 




NOTES: (1 ) P/P = Pin for Pin. A true second source. F/E * Functional Equivalent. Very similar function, very similar performance, 
but not pin for pin. C/P = Closest Part. Similar function, similar performance, but significant differences exist. (2) Supply Range for 
OPA1 21 is ±5V to ±1 8V (instead of ±5V to ±20V). 
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OPERATIONAL AMPLIFIERS GLOSSARY 


COMMON-MODE INPUT IMPEDANCE 

Effective impedance (resistance in parallel with capacitance) between either 
input of an amplifier and its common, or ground terminal. 

COMMON-MODE REJECTION (CMR) 

When both inputs of a differential amplifier experience the same common- 
mode voltage (CMV), the output should, ideally, be unaffected. CMR is the 
ratio of the common-mode input voltage change to the differential input 
voltage (error voltage) which produces the same output change. 

CMR (in dB) = 20 log 10 CMV/Error Voltage 

Thus a CMR of 80dB means that IV of common-mode voltage will cause an 
error of lOOpV (referred to input). 

COMMON-MODE VOLTAGE (CMV) 

That portion of an input signal common to both inputs of a differential 
amplifier. Mathematically it is defined as the average of the signals at the two 
inputs: 

CMV = (e 1 + e 2 )/2 

COMMON-MODE VOLTAGE GAIN 

Ratio of the output signal voltage (ideally zero) to the common-mode input 
signal voltage. 

COMMON-MODE VOLTAGE RANGE 

Range of input voltage for linear, nonsaturated operation. 

DIFFERENTIAL INPUT IMPEDANCE 

Apparent impedance, resistance in parallel with capacitance, between the two 
input terminals. 

FULL POWER FREQUENCY RESPONSE 

Maximum frequency at which a device can supply its peak-to-peak rated 
output voltage and current, without introducing significant distortion. 

GAIN-BANDWIDTH PRODUCT 

Product of small signal, open-loop gain and frequency at that gain. 
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INPUT BIAS CURRENT 

DC input current required at each input of an amplifier to provide zero output 
voltage when the input signal and input offset voltage are zero. The specified 
maximum is for each input. 

INPUT BIAS CURRENT vs SUPPLY VOLTAGE 
Sensitivity of input bias current to power supply voltages. 

INPUT BIAS CURRENT vs TEMPERATURE 
Sensitivity of input bias current to temperature. 

INPUT CURRENT NOISE 

Input current that would produce, at the output of a noiseless amplifier, the 
same output as that produced by the inherent noise generated internally in the 
amplifier when the source resistances are large. 

INPUT OFFSET CURRENT 

Difference of the two input bias currents of a differential amplifier. 

INPUT OFFSET VOLTAGE 

DC input voltage required to provide zero voltage at the output of an amplifier 
when the input signal and input bias currents are zero. 

INPUT OFFSET VOLTAGE vs SUPPLY VOLTAGE (PSR) 

Sensitivity of input offset voltage to the power supply voltages. Both power 
supply voltages are changed in the same direction and magnitude over the 
operating voltage range. 

INPUT OFFSET VOLTAGE vs TEMPERATURE (DRIFT) 

Rate of change of input offset voltage with temperature. At Burr-Brown, this 
is the change in input offset voltage from +25°C to the maximum specification 
temperature, plus the change in input offset voltage from +25°C to the 
minimum specification temperature, this quantity is divided by the specified 
temperature range. 

INPUT OFFSET VOLTAGE vs TIME 
The sensitivity of input offset voltage to time. 
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INPUT VOLTAGE NOISE 

Differential input voltage that would produce, at the output of a noiseless 
amplifier, the same output as that produced by the inherent noise generated 
internally in the amplifier when the source resistances are small. 

MAXIMUM SAFE INPUT VOLTAGE 

Maximum voltage that may be applied at, or between, the inputs without 
damage. 

OPEN-LOOP GAIN 

Ratio of the output signal voltage to the differential input signal voltage. 

OPERATING TEMPERATURE RANGE 

Temperature range over which the amplifier may be safely operated. 

OUTPUT RESISTANCE 

Open-loop output source resistance with respect to ground. 

POWER SUPPLY RATED VOLTAGE 

Normal value of power supply voltage at which the amplifier is designed to 
operate. 

POWER SUPPLY VOLTAGE RANGE 

Range of power supply voltage over which the amplifier may be safely 
operated. 

QUIESCENT CURRENT 

Current required from the power supply to operate the amplifier with no load 
and with the output at zero volts. 

RATED OUTPUT 

Peak output voltage and current that can be continuously, simultaneously 
supplied. 

SETTLING TIME 

Time required, after application of a step input signal, for the output voltage 
to settle and remain within a specified error band around the final value. 
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SLEW RATE 

Maximum rate of change of the output voltage when supplying rated output 
current. 

SPECIFICATION TEMPERATURE RANGE 

Temperature range over which “versus temperature” specifications are speci- 
fied. 

STORAGE TEMPERATURE RANGE 

Temperature range over which the amplifier may be safely stored, unpow- 
ered. 

UNITY-GAIN FREQUENCY RESPONSE 
Frequency at which the open-loop gain becomes unity. 
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Precision 

OPERATIONAL AMPLIFIER 


FEATURES 

• LOW OFFSET VOLTAGE: IO 4 V max 

• LOW DRIFT: 0.1pV/°C 

• HIGH OPEN-LOOP GAIN: 130dB min 

• LOW QUIESCENT CURRENT: 1.5mA typ 

• REPLACES INDUSTRY-STANDARD OP 
AMPS: OP-07, OP-77, OP-177, AD707, 
ETC. 


APPLICATIONS 

• PRECISION INSTRUMENTATION 

• DATA ACQUISITION 

• TEST EQUIPMENT 

• BRIDGE AMPLIFIER 

• THERMOCOUPLE AMPLIFIER 


DESCRIPTION 

The OPA177 and OPA77 precision bipolar op amps 
feature very low offset voltage and drift. Laser-trimmed 
offset, drift and input bias current virtually eliminate 
the need for costly external trimming. Their high 
performance and low cost make them ideally suited to 
a wide range of precision instrumentation. 

The low quiescent current of the OPA177 and OPA77 
dramatically reduce waim-up drift and errors due to 


thermoelectric effects in input interconnections. They 
provide an effective alternative to chopper-stabilized 
amplifiers. The low noise of the OPA177 and OPA77 
maintains accuracy. 

OPA177 and OPA77 performance gradeouts are avail- 
able. Packaging options include 8-pin plastic DIP, 8- 
pin ceramic DIP, and SO-8 surface-mount packages. 
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OPA177 SPECIFICATIONS 

ELECTRICAL 

At V s = ±15V, T.= +25°C unless otherwise noted. 


OFFSET VOLTAGE 
Input Offset Voltage 
Long-Term Input Offset* 1 ’ 
Voltage Stability 
Offset Adjustment Range 
Power Supply Rejection Ratio 


INPUT BIAS CURRENT 

Input Offset Current 
Input Bias Current 


NOISE 

Input Noise Voltage 
Input Noise Current 


INPUT IMPEDANCE 

Input Resistance 


INPUT VOLTAGE RANGE 

Common-Mode Input Range* 4 ’ 
Common-Mode Rejection 

OPEN-LOOP GAIN 

Large-Signal Voltage Gain 

OUTPUT 

Output Voltage Swing 


Open-Loop Output Resistance 

FREQUENCY RESPONSE 

Slew Rate 

Closed-Loop Bandwidth 


POWER SUPPLY 

Power Consumption 



1Hz to 100Hz' 2 ’ 
1Hz to 100Hz 



R l £ lOkO 
R l ^ 2k Cl 
R. £ Ikli 


Supply Current 


V s = ±15V, No Load 
V s = ±3V, No Load 
V ft = ±1 5V, No Load 



4 


0.2 


±3 

120 

125 


0.3 


0.5 


85 


4.5 

26 

45 


200 

±13 

±14 

130 

140 

5000 

12000 

±13.5 

±14 

±12.5 

±13 

±12 

±12.5 


60 

0.1 

0.3 

0.4 

0.6 


40 


3.5 


1.3 



ELECTRICAL 

At V s = ±15V, -40°C £ T A £ +85°C, unless otherwise noted. 


OFFSET VOLTAGE 
Input Offset Voltage 
Average Input Offset 
Voltage Drift* 6 ’ 

Power Supply Rejection Ratio 


INPUT BIAS CURRENT 

Input Offset Current 
Average Input Offset Current 
Drift* 7 ’ 

Input Bias Current 
Average Input Bias Current 
Drift* 7 ’ 


INPUT VOLTAGE RANGE 

Common-Mode Input Range 
Common-Mode Rejection 

OPEN-LOOP GAIN 

Large-Signal Voltage Gain 


OUTPUT 

Output Voltage Swing 

POWER SUPPLY 
Power Consumption 
Supply Current 


* Same as specifcation for product to left. 

NOTES: ( 1 ) Long-T erm Input Offset Voltage Stability refers to the averaged trend line of V^ vs time over extended periods after the first 30 days of operation. Excluding 
the initial hour of operation, changes in V^ during the first 30 operating days are typically less than 2 pV. (2) Sample tested. (3) Guaranteed by design. (4) Guaranteed 
by CMRR test condition. (5) To insure high open-loop gain throughout the ±1 OV output range, A^ is tested at -1 OV £ V Q s OV, OV £ V Q £ +1 OV, and -1 0V£V o £ +1 OV. 
(6) OP177E2 and OP1 77FZ: TCV^ is 1 00% tested. (7) Guaranteed by end-point limits. 
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OPA77 SPECIFICATIONS 


ELECTRICAL 

At V s = ±15V, T A = +25°C unless otherwise noted. 




OPA77E 

OPA77F 

OPA77G 


PARAMETER 

CONDITION 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

OFFSET VOLTAGE 

Input Offset Voltage 



10 

25 


20 

60 


50 

100 

pV 

Long-Term Input Offset 



0.3 



0.4 



* 


pV/Mo 

Voltage Stability* 1 ' 

Offset Adjustment Range 



±3 






. 


mV 

Power Supply Rejection Ratio 

E Mac™/ 


0.7 

3 


* 

* 


* 

* 

pV/V 

INPUT BIAS CURRENT 

Input Offset Current 



0.3 

1.5 


. 

B 


. 

. 


Input Bias Current 



1.2 

±2 


* 



* 



NOISE 

Input Noise Voltage 

0.1 Hz to 10Hz* 2 ' 


0.35 

0.6 

■ 

0.38 

0.65 


• 

• 

pVp-p 

Input Noise Voltage Density 

f 10Hz* 2 ' 


8.5 

18 



20 


• 

* 

nV/VHz 


f» 100Hz* 2 ' 


7.5 

13 



13.5 


* 

* 

nV/VHz 


f= 1000Hz* 2 ' 


7.5 

11 

| | 


11.5 


♦ 

* 

nV/VHz 

Input Noise Current 

0.1 Hz to 10Hz 


35 


■ | 




* 


pAp-p 

Input Noise Current Density 

f» 10Hz 


0.73 


■ 




* 


pA/VHz 


f = 100 Hz 


0.26 


■ 




* 


pA/VHz 


f= 1000Hz 


0.22 


m 




* 


pA/VHz 

INPUT RESISTANCE 

Differential Input Resistance* 3 ' 


26 

45 



B 

B 

B 

B 

B 

■ 

Common-mode Input Resistance 



200 








151 

INPUT VOLTAGE RANGE 

Common Mode Input Range 

— 

±13 

±14 



. 


B 

B 

B 

g§ 

Common-Mode Rejection 



0.1 

1 


* 

1.6 





OPEN-LOOP GAIN 

Large-Signal Voltage Gain 





2000 

6000 


* 

• 



OUTPUT 

Output Voltage Swing 


±13.5 


■ 

m 

B 

B 

B 

B 

B 

m 



±12.5 












±12 


1 ' j Hr 



| | 


| 

fHBBi 

H 

Open-Loop Output Resistance 

■m i 



m 

1 1 

IH 


| 


m 

■9 

FREQUENCY RESPONSE 

Slew Rate 

R L £2k« 

0.1 

WEB 


B 

B 

B 

B 

B 

B 

v/ps 

Closed-Loop Bandwidth 

AVCLss+1 

0.4 

B9 








MHz 

POWER SUPPLY 

Power Consumption 

V s = ±15V, No Load 

B 



B 

B 

B 

B 

B 

B 

mW 


V S = ±3V, No Load 


111 

mm 







mW 


ELECTRICAL 

At V s » ±15V, -25°C £ T A <; +85°C for OPA77EZ and OPA77FZ, 0°C £ T A <; +70°C for OPA77FP and OPA77GP, unless otherwise noted. 


OFFSET VOLTAGE 

Input Offset Voltage 

Z Package 


10 

45 


20 

100 


• 

. 

pV 


P Package 


10 

55 


20 

100 


80 

150 

pV 

Average Input Offset* 4 ' 

Z Package 


0.1 

0.3 


0.2 

0.6 


* 

• 

pV/°C 

Voltage Drift 

P Package 


0.3 

■IS 


0.4 

1 


0.7 

1.2 

pV/°C 

Power Supply Rejection Ratio 

V 8 = ±3V to ±1 8 V 


1 

mm 


* 

5 


* 

* 

pV N 

INPUT BIAS CURRENT 

Input Offset Current 


B 

n 

2.2 

B 

. 

4.5 

B 

B 

B 


Avg Input Offset Current Drift* 5 ' 



■El 

40 


* 

85 





Input Bias Current 



2.4 

±4 

| 

* 

±6 


| 



Avg Input Bias Current Drift* 5 ' 



8 

40 

| 

15 

60 

| 

n 

■ 


INPUT VOLTAGE RANGE 

Common Mode Input Range 




B 

B 

B 


B 

B 

B 

M 

Common-Mode Rejection 

V CM = ±13V 






3 





OPEN-LOOP GAIN 

Large-Signal Voltage Gain 

R l ;> 2kQ, V D «= ±10V 

2000 

6000 


1000 

4000 


* 

* 


mu 

OUTPUT 

Output Voltage Swing 

R L £2kG 

±12 

MB 


* 

* 


* 

* 


V 

POWER SUPPLY 

Power Consumption 

V s = ±1 5V, No Load 


1 



* 

* 


* 

• 

mW 


* Same as specification for product to left. NOTES: (1) Long-Term Input Offset Voltage Stability refers to the averaged trend line of vs time over extended period 
after the first 30 days of operation. Excluding the initial hour of operation, changes in during the first 30 operating days are typically 2.5pV. (2) Sample tested. (3) 
Guaranteed by design. (4) OPA77E: TCV^ is 100% tested on Z package. (5) Guaranteed by end-point limits. 
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MECHANICAL 




S Package — 8-PlnSOIC 
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PIN CONFIGURATION 


Top View 


DIP 



SOIC 




Offset Trim [V 


8 | Offset Trim 

-In f~2~ 



T] V+ 

+ln J 3 



±\ v o 

v-E 



~5~| No Internal Connection 


ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMP. RANGE 

OPA177FP 

8-Pin Plastic DIP 

-40°C to +85°C 

OPA177GP 

8-Pin Plastic DIP 

-40°C to +85°C 

OPA177GS 

SO-8 Surface-Mount 

— 40°C to +85°C 

OPA177EZ 

8-Pin Ceramic DIP 

^tO°C to +85°C 

OPA177FZ 

8-Pin Ceramic DIP 

-40°C to +85°C 

OPA177GZ 

8-Pin Ceramic DIP 

-40°C to +85°C 

OPA77FP 

8-Pin Plastic DIP 

0°C to +70°C 

OPA77GP 

8-Pin Plastic DIP 

0°C to +70°C 

OPA77EZ 

8-Pin Ceramic DIP 

-25°C to +85°C 

OPA77FZ 

8-Pin Ceramic DIP 

-25°C to +85°C 


ABSOLUTE MAXIMUM RATINGS 


Power Supply Voltage ±22V 

Differential Input Voltage ±30V 

Input Voltage ±V a ±lV 

Output Short Circuit Continuous 

Operating Temperature: 

Ceramic DIP (Z) -55°C to +125°C 

Plastic DIP (P), SO-8 (S) -40°C to +85°C 

Storage Temperature: 

Ceramic DIP (Z) -65°C to +150°C 

Plastic DIP (P), SO-8 (S) -65°C to +125°C 

Junction Temperature +150°C 

Lead Temperature (soldering, 10s) +300°C 


® ELECTROSTATIC DISCHARGE SENSITIVITY 


Any integrated circuit can be damaged by ESD. Burr-Brown 
recommends that all integrated circuits be handled with 
appropriate precautions. ESD can cause damage ranging 
from subtle performance degradation to complete device 
failure. Precision integrated circuits may be more suscep- 
tible to damage because very small parametric changes 
could cause the device not to meet published specifications. 


Burr-Brown’s standard ESD test method consists of five 
1000V positive and negative discharges (lOOpF in series 
with 1.5k£2) applied to each pin. 

Failure to observe proper handling procedures could result 
in small changes to the OPA177’s input bias current. 


TYPICAL PERFORMANCE CURVES 

T A = +25°C, V s = ±1 5V unless otherwise noted. 


I 

© 

f 

£ 

I 

c 


GAIN LINEARITY 

(NORMALIZED INPUT VOLTAGE vs OUTPUT VOLTAGE) 























r l = 

»iokn 



' — 









a 

►ffset ni 
tv Q = c 

tiled — 
IV 

— 

— 

— 




















-10 -5 0 5 10 



-65 -35 -15 5 25 45 65 85 105 125 


Output Voltage (V) 


Temperature (°C) 


Burr-Brown IC Data Book Supplement, Vol. 33b 


2-17 


OPERATIONAL AMPLIFIERS O OPA177 











Open-Loop Gain (dB) Absolute Change in Input Offset Voltage (pV) Open-Loop Gain (V/pV) 
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TYPICAL PERFORMANCE CURVES (CONT) 


T a = +25°C, V s = ±15V unless otherwise noted. 

OPEN-LOOP GAIN vs POWER SUPPLY VOLTAGE 



0 ±5 ±10 ±15 ±20 

Power Supply Voltage (V) 



0 15 30 45 60 75 90 105 120 

Time from Power Supply T um-On (s) 


OFFSET VOLTAGE CHANGE 
DUE TO THERMAL SHOCK 



CLOSED-LOOP RESPONSE vs FREQUENCY 



Frequency (Hz) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a a +25°C, V s = ±15V unless otherwise noted. 


POWER SUPPLY REJECTION INPUT BIAS AND INPUT OFFSET CURRENT 




0.1 1 10 100 Ik 10k -40 -15 10 35 60 85 


Frequency (Hz) 


Temperature (°C) 


TOTAL NOISE vs BANDWIDTH 



100 Ik 10k 100k 


INPUT NOISE VOLTAGE DENSITY vs FREQUENCY 



1 10 100 Ik 10k 


Bandwidth (Hz) 


Frequency (Hz) 



Burr-Brown IC Data Book Supplement, Vol. 33b 


2-19 


OPERATIONAL AMPLIFIERS |J OPA177 





For Immediate Assistance, Contact Your Local Salesperson 


TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C, V s = ±15V unless otherwise noted. 


MAXIMUM OUTPUT VOLTAGE vs LOAD RESISTANCE 



100 Ik 10k 

Load Resistance to Ground (SI) 


§ 

d 


OUTPUT SHORT-CIRCUIT CURRENT vs TIME 
40 

35 

30 

25 

20 

15 

0 12 3 4 

Time from Output Being Shorted (min) 








— 








— 








— 


52 

+ 





— 


/I 

aa ** 

— 1 

— — 

— 

— 

— 

— 

1 / 
•sc~ 

















APPLICATIONS INFORMATION 

The OPA177 is unity-gain stable, making it easy to use and 
free from oscillations in the widest range of circuitry. Ap- 
plications with noisy or high impedance power supply lines 
may require decoupling capacitors close to the device pins. 
In most cases 0.1 pF ceramic capacitors are adequate. 

The OPA177 has very low offset voltage and drift. To 
achieve highest performance, circuit layout and mechanical 
conditions must be optimized. Offset voltage and drift can 
be degraded by small thermoelectric potentials at the op amp 
inputs. Connections of dissimilar metals will generate ther- 
mal potential which can mask the ultimate performance of 
the OPA177. These thermal potentials can be made to cancel 
by assuring that they are equal in both input terminals. 

1 . Keep connections made to the two input terminals close 
together. 

2. Locate heat sources as far as possible from the critical 
input circuitry. 

3. Shield the op amp and input circuitry from air currents 
such as cooling fans. 

OFFSET VOLTAGE ADJUSTMENT 

The OPA177 and OPA77 have been laser-trimmed for low 
offset voltage and drift so most circuits will not require 
external adjustment. Figure 1 shows the optional connection 
of an external potentiometer to adjust offset voltage. This 
adjustment should not be used to compensate for offsets 
created elsewhere in a system since this can introduce 
excessive temperature drift. 


v+ 



Trim Range is approximately ±3.0mV 


FIGURE 1. Optional Offset Nulling Circuit. 

INPUT PROTECTION 

The inputs of the OPA177 and OPA77 are protected with 
5000 series input resistors and diode clamps as shown in the 
simplified circuit diagram. The inputs can withstand ±30V 
differential inputs without damage. The protection diodes 
will, of course, conduct current when the inputs are over- 
driven. This may disturb the slewing behavior of unity-gain 
follower applications, but will not damage the op amp. 

NOISE PERFORMANCE 

The noise performance of the OPA177 and OPA77 is opti- 
mized for circuit impedances in the range of 2kQ to 50k£2. 
Total noise in an application is a combination of the op 
amp’s input voltage noise and input bias current noise 
reacting with circuit impedances. For applications with higher 
source impedance, the OPA627 FET-input op amp will 
generally provide lower noise. For very low impedance 
applications, the OPA27 will provide lower noise. 
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(a) 


(b) 


Conventional op amp with 
external bias current 
cancellation resistor. 


OPA177 with no external 
bias current cancellation 
resistor. 


FIGURE 2. Input Bias Current Cancellation. 


INPUT BIAS CURRENT CANCELLATION 

The input stage base current of the OPA177 is internally 
compensated with an equal and opposite cancellation current. 
The resulting input bias current is the difference between the 
input stage base current and the cancellation current. This 
residual input bias current can be positive or negative. 


When the bias current is cancelled in this manner, the input 
bias current and input offset current are approximately the 
same magnitude. As a result, it is not necessary to balance 
the DC resistance seen at the two input terminals (Figure 2). 
A resistor added to balance the input resistances may actually 
increase offset and noise. 
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BlIRR-BROWN ® 




OPA541 


High Power Monolithic 
OPERATIONAL AMPLIFIER 


FEATURES 

• POWER SUPPLIES TO ±40V 

• OUTPUT CURRENT TO 10A PEAK 

• PROGRAMMABLE CURRENT LIMIT 

• INDUSTRY-STANDARD PINOUT 

• FET INPUT 

• TO-3 AND LOW-COST POWER PLASTIC 
PACKAGES 

DESCRIPTION 

The OPA541 is a power operational amplifier capable 
of operation from power supplies up to ±40V and 
continuous output currents up to 5A. Internal current 
limit circuity can be user-programmed with a single 
external resistor, protecting the amplifier and load 
from fault conditions. The OPA541 is fabricated using 
a proprietary bipolar/FET process. 

Pinout is compatible with popular hybrid power am- 
plifiers such as the OPA511, OPA512 and the 3573. 


APPLICATIONS 

® MOTOR DRIVER 
® SERVO AMPLIFIER 
© SYNCHRO EXCITATION 
• AUDIO AMPLIFIER 
© PROGRAMMABLE POWER SUPPLY 


The OPA541 uses a single current-limit resistor to set 
both the positive and negative current limits. Applica- 
tions currently using hybrid power amplifiers requir- 
ing two current-limit resistors need not be modified. 

The OPA541 is available in an 11 -pin power plastic 
package and an industry-standard 8-pin TO-3 her- 
metic package. The power plastic package has a cop- 
per-lead frame to maximize heat transfer. On the TO- 
3 package, the case is isolated from all circuitry, 
allowing it to be mounted directly to a heat sink 
without special insulators. 
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SPECIFICATIONS 


ELECTRICAL 

At T c = +25°C and V s = ±35VDC unless otherwise noted. 




OPA541 AM/AP 

OPA541 BM/SM 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

INPUT OFFSET VOLTAGE 

Vos 



±2 

±10 


±0.1 

±1 

mV 

vs Temperature 

Specified Temperature Range 


±20 

±40 


±15 

±30 

pV/°C 

vs Supply Voltage 

V 8 - ±10V to ±V MW< 


±2.5 

±10 


* 

* 

pV/V 

vs Power 



±20 

±60 


* 

* 

pV/W 

INPUT BIAS CURRENT 












4 

50 


* 

* 

PA 

INPUT OFFSET CURRENT 









*os 



±1 

±30 


* 

• 

pA 


Specified Temperature Range 



5 


• 


nA 

INPUT CHARACTERISTICS 

Common-Mode Voltage Range 

Specified Temperature Range 

±(|V S | - 6) 

±(|V s |-3) 



. 


V 

Common-Mode Rejection 

V CU =(|±V S |-6V) 

95 

113 


* 

• 


dB 

Input Capacitance 


5 



* 


PF 

Input Impedance, DC 



1 



* 


TCI 

GAIN CHARACTERISTICS 

Open Loop Gain at 10Hz 

R l =60 

90 

97 


. 

• 


dB 

Gain-Bandwidth Product 



1.6 



* 


MHz 

OUTPUT 

Voltage Swing 

l Q = 5A, Continuous 

±(|V s |-5.5) 

±(|V S | - 4.5) 



. 


V 


l 0 =2A 

±(|V S | - 4.5) 

±(|V s |-3.6) 


* 

* 


V 


l 0 = 0.5A 

±(|V s |-4) 

±(|V s |-3.2) 


* 

* 


V 

Current, Peak 


9 

10 


* 

* 


A 

AC PERFORMANCE 

Slew Rate 


6 

10 


. 

. 


V/ps 

Power Bandwidth 

R l = 8Q, V q = 20Vrms 

45 

55 


* 

* 


kHz 

Settling Time to 0.1% 

2V Step 


2 



* 


ps 

Capacitive Load 

Specified Temperature Range, G = 1 

3.3 





* 

nF 


Specified Temperature Range, G >10 



SOA"> 



* 


Phase Margin 

Specified Temperature Range, R L = 80 


40 



* 


Degrees 

POWER SUPPLY 

Power Supply Voltage, ±V S 

Specified Temperature Range 

±10 

±30 

±35 


±35 

±40 

V 

Current, Quiescent 



20 

25 


* 


mA 

THERMAL RESISTANCE 

OPA541AP: 









Ojc (Juction-to-Case) 

AC Output f > 60Hz 


2.5 





°C/W 


DC Output 


3 





°C/W 

0 M (Junction-to-Ambient) 
OPA541AM/BM/SM: 

No Heat Sink 


40 





°C/W 

0jq (Junction-to-Case) 

AC Output f > 60Hz 


1.25 

1.5 


* 

* 

°C/W 

^IC 

DC Output 


1.4 

1.9 


* 

* 

°C/W 

(Junction-to-Ambient) 

No Heat Sink 


30 



* 


°C/W 

TEMPERATURE RANGE 









"^CASE 

AM, BM, AP 

-25 


+85 

* 


• 

°c 

SM 




-55 


+125 

°c 


* Specification same as OPA541AM/AP. 

NOTE: (1) SOA is the Safe Operating Area shown in Figure 1. 
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MECHANICAL 


M Package — TO-3 




be 

m 

CUE 

ana 

beb 

EM 

C£3i 

EM 

W.WM\ 

m 


1IEES1 

BcflEV 


mu 


EM 

IM-VJ 

ra; 




w-vM 

EM 

IQH 



EM 

EM 

IDfll 

EMM 

TIM 

EM 

EM 

EH 

he ana 

HflJ:7WIE : 

eh 

K'MS 


mm 

msmmm 

dUBEEM 

mm 

E3B3H 

B3S3BM 


KM 

EM 

IBIM 

Ida 

■a 


mum 

EM 

EM 

mm 

EM 

PM 

Em 

EMI 


NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not 
be marked on 
package. 


P Package — 11 -Pin Plastic 



r~ 



H JM 

EM 

EM 

EM 


KM 

EM 

EM 



□ r 

EM 

EM 

EE1 

ESI 

EM 

EM 

EM 

cm 

gvJ<Tl 

EM 

■EBIME 

MMEMM 

c 

wKmmm 

K&LMM 

D 

MTTiTMl 

HEESZSZMI 

E 

ESI 

EM 

EM 

BEM 

F 

EM 

EM 


cm 

mm 

.067 TYP 

MTrrYi'rl* 

ra 

.689 BASIC 

beseem 

nr 

.670 BASIC 

17.02 BASIC | 

\mm 

Eim 

EM 

EM 

EM 

rr: 


EM 

EM 

EM 

! KH 


TFM 

EM 

KIM 

!BM 

.110 

2.79 

p 

HMXEB 

45° X 3.05 

R 

KEEIilKKEIil 

wiFmn 



NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. 


CONNECTION DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltage, +V S to -V s 

80 V 

Power Dissipation, Internal 1 ’ 1 

125W 


±v s 


±v° 

Temperature: Pin solder, 10s 


; Junction 1 ’ 1 

+150°C 

Temperature Range: 


AM. BM SM 


Storage 

-65°C to +150°C 

Operating (case) 

-55°C to +125°C 

AP 


Storage 

-40°C to +85°C 

Ooeratinn 

_-25°C to 

NOTE: (1) Long term operation at the maximum junction temperature will 

result in reduced product life. Derate internal power dissipation to achieve 

high MTTF. 

1 


ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMPERATURE 

RANGE 

CONTINUOUS 

CURRENT 

OPA541AP 

OPA541AM 

OPA541BM 

OPA541SM 

Power Plastic 
TO-3 

TO-3 

TO-3 

-25°C to +85°C 
-25°C to +85°C 
— 25°C to +85°C 
-55°C to +125°C 

5A at 25°C 

5A at 25°C 

5A at 25°C 

5A at 25°C 


TYPICAL PERFORMANCE CURVES 

T a = +25°C, V s = ±35VDC unless otherwise noted. 



Temperature (°C) 


Frequency (Hz) 


NORMALIZED QUIESCENT CURRENT 



20 30 40 50 60 70 80 90 


OUTPUT VOLTAGE SWING 



0123456789 10 


+V S + |-V S |(V) 


four (A) 
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CMRR (dB) . (A » Voltage Noise Density (nV/^Hz) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a * +25°C, V s = ±35VDC unless otherwise noted. 



1 10 100 Ik 10k 100k 


TOTAL HARMONIC DISTORTION + NOISE 
vs FREQUENCY 



Frequency (Hz) 


Frequency (Hz) 


CURRENT LIMIT CURRENT LIMIT vs RESISTANCE LIMIT 




0.01 0.1 1 10 0.01 0.1 1 10 


Ret («) 


Rcl («) 


COMMON-MODE REJECTION 



10 100 Ik 10k 100k 1M 

Frequency (Hz) 



Time (Ips/division) 
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INSTALLATION 

INSTRUCTIONS 

POWER SUPPLIES 

The OPA541 is specified for operation from power supplies 
up to ±40V. It can also be operated from, unbalanced or 
single power supplies as long as the total power supply 
voltage does not exceed 80V. The power supplies should be 
bypassed with low series impedance capacitors such as 
ceramic or tantalum. These should be located as near as 
practical to the amplifier’s power supply pins. Good power 
amplifier circuit layout is, in general, like good high fre- 
quency layout. Consider the path of large power supply and 
output currents. Avoid routing these connections near low- 
level input circuitry to avoid waveform distortion and oscil- 
lations. 


CURRENT LIMIT 

Internal current limit circuitry is controlled by a single 
external resistor, R CL . Output load current flows through this 
external resistor. The current limit is activated when the 
voltage across this resistor is approximately a base-emitter 
tum-on voltage. The value of the current limit resistor is 
approximately: 

AM, BM SM R_. = ^222 _ 0.057 

II.J 


AP p = M>3_ ao2 


Because of the internal structure of the OPA541, the 
actual current limit depends on whether current is positive or 
negative. The above R CL gives an average value. For a given 
R CL , +I out w *^ actually be limited at about 10% below the 
expected level, while -I oirr will be limited about 10% above 
the expected level. 


The current limit value decreases with increasing tempera- 
ture due to the temperature coefficient of a base-emitter 
junction voltage. Similarly, the current limit value increases 
at low temperatures. Current limit versus resistor value and 
temperature effects are shown in the Typical Performance 
Curves. Approximate values for R CL at other temperatures 
may be calculated by adjusting R CL as follows: 


AR = x (T - 25) 

CL ii , j 


The adjustable current limit can be set to provide protec- 
tion from short circuits. The safe short-circuit current de- 
pends on power supply voltage. See the discussion on Safe 
Operating Area to determine the proper current limit value. 

Since the full load current flows through R CL , it must be 
selected for sufficient power dissipation. For a 5A current 
limit on the TO-3 package, the formula yields an R CL of 
0.1050 (0.1430 on the power plastic package due to differ- 
ent internal resistances). A continuous 5 A through 0.1050 
would require an R CL that can dissipate 2.625W. 

Sinusoidal outputs create dissipation according to rms load 
current. For the same R CL , AC peaks would still be limited 


to 5A, but rms current would be 3.5A, and a current limiting 
resistor with a lower power rating could be used. Some 
applications (such as voice amplification) are assured of 
signals with much lower duty cycles, allowing a current 
resistor with a low power rating. Wire-wound resistors may 
be used for R CL Some wire-wound resistors, however, have 
excessive inductance and may cause loop-stability prob- 
lems. Be sure to evaluate circuit performance with resistor 
type planned for production to assure proper circuit opera- 
tion. 

HEAT SINKING 

Power amplifiers are rated by case temperature, not ambient 
temperature as with signal op amps. The maximum allow- 
able power dissipation is a function of the case temperature 
as shown on the power derating curve. All points on the 
power derating slope produce a maximum internal junction 
temperature of +150°C. Sufficient heat sinking must be 
provided to keep the case temperature within safe bounds for 
the maximum ambient temperature power dissipation. The 
thermal resistance of the heat sink required may be calcu- 
lated by: m 

J T _ T 

a _ CASE 1 AMBIENT 

HS P D (max) 

Commercially available heat sinks often specify their ther- 
mal resistance. These ratings are often suspect, however, 
since they depend greatly on the mounting environment and 
air flow conditions. Actual thermal performance should be 
verified by measurement of case temperature under the 
required load and environmental conditions. 

No insulating hardware is required when using the TO-3 
package. Since mica and other similar insulators typically 
add approximately 0.7°C/W thermal resistance, their elimi- 
nation significantly improves thermal performance. See Burr- 
Brown Application Note AN-83 for further details on heat 
sinking. On the power plastic package, the metal tab is 
connected to -V s , and appropriate actions should be taken 
when mounting on a heat sink or chassis. 

SAFE OPERATING AREA 

The safe operating area (SOA) plot provides comprehensive 
information on the power handling abilities of the OPA541. 
It shows the allowable output current as a function of the 
voltage across the conducting output transistor (see Figure 
1). This voltage is equal to the power supply voltage minus 
the output voltage. For example, as the amplifier output 
swings near the positive power supply voltage, the voltage 
across the output transistor decreases and the device can 
safely provide large output currents demanded by the load. 

Short circuit protection requires evaluation of SOA. When 
the amplifier output is shorted to ground, the full power 
supply voltage is impressed across the conducting output 
transistor. The current limit must be set to a value which is 
safe for the power supply voltage used. For instance, with V s 
±35V, a short to ground would force 35V across the conduc- 
ting power transistor. A current limit of 1.8 A would be safe. 

Reactive, or EMF-generating, loads such as DC motors can 
present difficult SOA requirements. With a purely reactive 
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load, output voltage and load current are 90° out of phase. 
Thus, peak output current occurs when the output voltage is 
zero and the voltage across the conducting transistor is equal 
to the full power supply voltage. See Burr-Brown Applica- 
tion Note AN- 123 for further information on evaluating 
SOA. 

REPLACING HYBRID POWER AMPLIFIERS 

The OPA541 can be used in applications currently using 
various hybrid power amplifiers, including the OPA501, 
OPA511, OPA512, and 3573. Of course, the application 
must be evaluated to assure that the output capability and 
other performance attributes of the OPA541 meet the neces- 
sary requirement. These hybrid power amplifiers use two 
current limit resistors to independently set the positive and 
negative current limit value. Since the OPA541 uses only 
one current limit resistor to set both the positive and negative 
current limit, only one resistor (see Figure 4) need be 
installed. If installed, the resistor connected to pin 2 (TO-3 
package) is superfluous, but it does no harm. 

Because one resistor carries the current previously carried 
by two, the resistor may require a higher power rating. 
Minor adjustments may be required in the resistor value to 
achieve the same current limit value. Often, however, the 
change in current limit value when changing models is small 
compared to its variation over temperature. Many applica- 
tions can use the same current limit resistor. 


APPLICATIONS CIRCUITS 



FIGURE 2. Clamping Output for EMF-Generating Loads. 




FIGURE 4. Replacing OPA501 with OPA541. 
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FIGURE 5. Paralleled Operation, Extended SOA. FIGURE 6. Programmable Voltage Source. 



FIGURE 7. 16-Bit Programmable Voltage Source. 
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High Speed, Current-Feedback 
OPERATIONAL AMPLIFIER 


FEATURES APPLICATIONS 

• BANDWIDTH: 100MHz, G s 1 to 10 • ATE PIN DRIVERS 

• SLEW RATE: lOOOV/ps • LINE DRIVERS 

• FAST SETTLING TIME: 50ns to 0.1% • VIDEO AMPLIFIERS 

• WIDE SUPPLY RANGE: ±4.5 to ±18V • FAST DATA ACQUISITION 

• HIGH OUTPUT CURRENT: ±150mA peak • SONAR, ULTRASOUND CIRCUITRY 

• 8-PIN PLASTIC MINI-DIP PACKAGE • WAVEFORM GENERATORS 


DESCRIPTION 

The OPA603 is a high-speed current-feedback op amp 
with guaranteed specifications at both ±5V and ±15V 
power supplies. It can deliver full ±10V signals into 
150Q loads with up to lOOOV/ps slew rate. This allows 
it to drive terminated 75Q cables. With 150mA peak 
output current capability it is suitable for driving load 
capacitance or long lines at high speed. 

In contrast with conventional op amps, the current- 
feedback approach provides nearly constant band- 
width and settling time over a wide range of closed- 
loop voltage gains. 

The OPA603 is available in a plastic 8-pin dual-in-line 
package and is specified for the industrial temperature 
range. 



International Airport Industrial Park • Mailing Address: P0 Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Into: (800) 548-6132 
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SPECIFICATIONS, V S = ±15V 


ELECTRICAL 

T a = +25°C, R l = 150Q unless otherwise noted. 




OPA603AP 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

INPUT OFFSET VOLTAGE 

Initial 




5 

mV 

vs Temperature 



8 


pV/°C 

vs Common-Mode Voltage 

v CM = ±10V 

50 

60 


dB 

vs Supply (tracking) Voltage 

V s = ±12V to ±18V 

80 

85 


dB 

vs Supply (non-tracking) (,) 

|V S |= 12V to 18V 

55 

60 


dB 

+INPUT BIAS CURRENT 

Initial 




5 

pA 

vs Temperature 



30 


nA/°C 

vs Common-Mode 

< 

: 

II 

1+ 

o 

< 


200 

500 

nA/V 

vs Supply (tracking) 

V S =±12V to ±1 8 V 


50 

100 

nA/V 

vs Supply (non-tracking) 11 ’ 

|V S |= 12V to 18V 


150 

300 

nAA/ 

-INPUT BIAS CURRENT 

Initial 




25 

pA 

vs Temperature 



300 


nA/°C 

vs Common-Mode 

V CM =±10V 


200 

600 

| nAA/ 

vs Supply (tracking) 

V s = ±12V to ±18V 


300 

500 

nAA/ 

vs Supply (non-tracking)' 1 ' 

|V S |= 12V to 18V 


1500 

2000 

nAA/ 

INPUT IMPEDANCE 

+lnput 



5 || 2 


MQ || pF 

-Input 



30 || 2 


«ll PF 

OPEN LOOP CHARACTERISTICS 

Transresistance 

V o =±10V 

300 

440 


k£2 

Transcapacitance 



1.8 


pF 

OUTPUT CHARACTERISTICS 

Voltage 

R l = 1500 

±10 

±12 


V 

Peak Current 



150 


mA 

Short-Circuit Current' 2 ’ 

n 


170 

200 

mA 

Output Resistance, Open-Loop 



70 


Q 

FREQUENCY RESPONSE 

Small-Signal Bandwidth' 3 ’ 

G = +2 

70 

160 


MHz 

Gain Flatness, ±0.5dB 


35 

75 


MHz 

Full-Power Bandwidth 

V 0 = 20Vp-p 


10 


MHz 

Differential Gain 

f = 4.43MHz, V Q = IV 


0.03 


% 

Differential Phase 

f = 4.43MHz, V D = IV 


0.025 


Degrees 

TIME DOMAIN RESPONSE 

Propagation Delay 

G= +2 


10 


ns 

Rise and Fall Time 



10 


ns 

Settling Time to 0.10% 

10V Step 


50 


ns 

Slew Rate 



1000 


V/ps 

DISTORTION 

G = +2, R l = 100Q, f = 10MHz 





2nd Harmonic Distortion 

V o =0.2Vp-p 

-60 

-65 


dBc 

3rd Harmonic Distortion 

V Q = 0.2Vp-p 

-70 

-90 


dBc 

POWER SUPPLY 

Specified Operating Voltage 



±15 


V 

Operating Voltage Range 


±4.5 


±18 

V 

Current 



±21 

±25 

mA 

TEMPERATURE RANGE 

Specification 


-25 


+85 

°C 

Storage 


-40 


+150 

°C 

THERMAL RESISTANCE, 0 JUNCT1ON . AMB(ENT 

Soldered to Printed Circuit 


90 


°C/W 


NOTES: (1) One power supply fixed at 15V; the other supply varied from 12V to 18V. (2) Observe power derating curve. (3) See bandwidth versus gain curves, 
Figure 5. 
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SPECIFICATIONS, V s = +5V 


ELECTRICAL 

T a = +25°C, R l = 75Q unless otherwise noted. 




OPA603AP 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

INPUT OFFSET VOLTAGE 






Initial 




6 

mV 

vs Temperature 



8 


pV/°C 

vs Common-Mode 

V CM = ±3V 

50 

55 


dB 

vs Supply (tracking) 

V s = ±4V to ±6V 

75 

80 


dB 

vs Supply (non-tracking)* 1 ' 

|V S | = 4V to 6V 

55 

60 


dB 

+INPUT BIAS CURRENT 






Initial 




5 

pA 

vs Temperature 



30 


nA/°C 

vs Common-Mode 

V CM = ±3V 


350 

600 

nAA/ 

vs Supply (tracking) 

V s = ±4V to ±6V 


100 

200 

nA/V 

vs Supply (non-tracking)* 1 ' 

|V S | = 4V to 6V 


200 

300 

nA/V 

-INPUT BIAS CURRENT 






Initial 




25 

pA 

vs Temperature 



300 


nA/°C 

vs Common-Mode 

V CM = ±3V 


300 

600 

nAA/ 

vs Supply (tracking) 

V s = ±4V to ±6V 


500 

700 

nAA/ 

vs Supply (non-tracking)*’) 

|V S | = 4V to 6V 


2500 

3000 

nAA/ 

INPUT IMPEDANCE 






+lnput 



3.3 || 2 


M£1 1| pF 

-Input 



30 || 2 


ft || pF 

OPEN LOOP CHARACTERISTICS 






Transresistance 

V 0 =±2V 

225 

330 


kQ 

Transcapacitance 



2.4 


pF 

OUTPUT CHARACTERISTICS 






Voltage 


±2 

±2.75 


V 

Peak Current 



150 


mA 

Short-Circuit Current' 2 ' 

o 

< 


170 

200 

mA 

Output Resistance, Open-Loop 



80 


Q 

FREQUENCY RESPONSE 

G= +2 





Small-Signal Bandwidth* 3 ' 



140 


MHz 

Gain Flatness, ±0.5dB 



65 


MHz 

Full-Power Bandwidth 



20 


MHz 

Differential Gain 

f = 4.43MHz, V 0 = IV. R. = 1500 


0.03 


% 

Differential Phase 

f = 4.43MHz, V D = IV. R L = 1500 


0.025 


Degrees 

TIME DOMAIN RESPONSE 

G = +2, R u = 1000 





Propagation Delay 



15 


ns 

Rise and Fall Time 



20 


ns 

Settling Time to 0.10% 



60 


ns 

Slew Rate 



750 


V/ps 

DISTORTION 

G = +2, R L = 1000, f = 10MHz 





2nd Harmonic Distortion 

V 0 = 0.2Vp-p 


-67 


dBc 

3rd Harmonic Distortion 

V 0 = 0.2Vp-p 


-78 


dBc 

POWER SUPPLY 






Specified Operating Voltage 



±5 


V 

Operating Voltage Range 


±4.5 


±18 

V 

Current 



±21 

±25 

mA 

TEMPERATURE RANGE 






Specification 


-25 


+85 

°C 

Storage 


-40 

, 

+150 

e C 

THERMAL RESISTANCE, 0 JUNCT1ONAMB1ENT 

Soldered to Printed Circuit 


90 


°c/w 


NOTES: (1) One power supply fixed at 5V; the other supply varied from 4V to 6V. (2) Observe power derating curve. (3) See bandwidth versus gain curves, Figure 
5. 
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MECHANICAL 


P Package — 8-Pln Plastic DIP 



MM 

■m 



EM 

ETT.V'l 

EM 

1T7A?1 

m 


EM 


EM 

MM 


besb 


WMM 

Q 

BM 




MM 


ESI 

BUM 

EM 

EM 

MMM 



MEM 

HLIUI 

BruM 


E-TJM 

EMM 

EH 

EM 

El 

EM 

KEPI 

mm 



EM 

EM 

MM 

beseem 


MM 

Blfll-MH 

E5EMM 

■M 

1 

1 



mm 

mi 


EM 

EM 

caa 

EM 

EQ3 

MFil 

MM 

E3I 

EEM 

1 Mm 

mm 

IE9I 

mm 

mm 

mm 

mm 

EM 



WE>7il 

WEM 


E3I 

bw»vm 

MEM 

mim 

■MM 

EU 

lif 

mem 


(1) Not JEDECStd. 

(2) et and e A apply In zone L, when 
unit installed. 

NOTE: Leads in true position within 
0.0 1“ (0.25mm) R at MMC at seating 
plane. 


PIN CONFIGURATION 


ABSOLUTE MAXIMUM RATINGS 


Top View 



NC 

+V S 

Vo 

NC 


NC: No Internal Connection. 
Solder to ground plane for 
improved heat dissipation. 


DIP 


Supply Voltage ±18V 

Input Voltage Range ±V S 

Differential Input Voltage ±6V 

Power Dissipation See derating cun/e 

Operating Temperature +100°C 

Storage Temperature +150°C 

Junction Temperature +150°C 

Lead Temperature (soldering, 10s) +300°C 


ORDERING INFORMATION 


MODEL 

PACKAGE 

SPECIRED TEMP. RANGE 

OPA603AP 

Plastic DIP 

-25°C to +85°C 


TYPICAL PERFORMANCE CURVES 

T a = +25°C unless otherwise noted. 



-25 0 +25 +50 +75 +100 

Temperature (°C) 



-25 0 +25 +50 +75 +100 

Temperature (°C) 
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Power Supply Rejection <dB) Common-Mode Rejection (dB) l B+ („A) 


For Immediate Assistance, Contact Your Local Salesperson 


TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C unless otherwise noted. 



COMMON-MODE REJECTION vs FREQUENCY 



10 100 Ik 10k 100k 1M 10M 

Frequency (Hz) 



10 100 Ik 10k 100k 1M 10M 

Frequency (Hz) 


POWER SUPPLY REJECTION vs FREQUENCY 



10 100 Ik 10k 100k 1M 

Frequency (Hz) 
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Harmonic Distortion (dBc) Harmonic Distortion (dBc) , b _ Power Supp | y Re j ecti0 n Ratio (A/V) 


Or, Call Customer Service at 1-800-548-6132 (USA Only) 

TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C unless otherwise noted. 


I B - PSRR vs FREQUENCY 
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10 100 IK 10K 100k 1M 

Frequency (Hz) 



10 100 Ik 10k 100k 1M 

Frequency (Hz) 


LARGE-SIGNAL 



1 10 100 


Frequency (MHz) 


LARGE-SIGNAL 



1 10 100 
Frequency (MHz) 


SMALL-SIGNAL 



1 10 100 
Frequency (MHz) 


SMALL-SIGNAL 



1 10 100 
Frequency (MHz) 
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Noise Voltage (nV/VTiz) Open-Loop Transimpedance (k£i) Intercept Point (+dBm) 


For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES (cont) 

T a = +25°C unless otherwise noted. 


2-TONE, 3rd ORDER INTERMODULATION INTERCEPT 



MAXIMUM POWER DISSIPATION vs TEMPERATURE 



-25 0 +25 +50 +75 +100 

Temperature (°C) 


OPEN-LOOP TRANSIMPEDANCE 
vs TEMPERATURE 




V s = ±15V 



^ — 












V s = ±5V 














-25 0 +25 +50 +75 +100 


Temperature (°C) 


OPEN-LOOP OUTPUT RESISTANCE vs TEMPERATURE 



-25 0 +25 +50 +75 +100 


Temperature (°C) 


INPUT NOISE vs FREQUENCY 





3 

o 


<D 

O 

Z 



© 

I 

o 

> 

© 

to 

"5 



1 10 100 Ik 10k 100k 

Frequency (Hz) 
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Open- Loop Output Z Magnitude (ft) Transimpedance (fl) Output Voltage (Vp-p) 


Or, Call Customer Service at 1-800-548-6132 (USA Only) 


TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C unless otherwise noted. 



100 IK 10k 100K 1M 10M 100M 

Frequency (Hz) 



Frequency (Hz) 


LARGE-SIGNAL OUTPUT vs FREQUENCY 


1 

i 

II 

fl 

1 


H 

1 



1 

i 

i 


ra 



■i 

H 


1 

1 

i 

II 

II 

1 


II 

1 





i 


1 



1 

1 


1 

I 

u 

II 

1 


II 

i 



mu 

i 

i 


1 



1 

1 


1 

i 

1 

II 

1 


II 

1 



i 

i 

i 


1 



1 

1 


r 

L 

I 

D 


i 

II 

■ 













■ 

■ 

II 

■ 

■ 


« 

■ 

1 













100 Ik 10k 100k 1M 10M 100M 


Frequency (Hz) 
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FIGURE 1. Video Differential Gain/Phase Performance. 


LARGE-SIGNAL PULSE RESPONSE 



Input 


Output 


FIGURE 2. Dynamic Response — Inverting Unity-Gain. 


SMALL-SIGNAL FREQUENCY RESPONSE 



Frequency (Hz) 
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FIGURE 3. Dynamic Response, Gain = +10. 

APPLICATIONS INFORMATION 

For most circuit configurations, the OPA603 current-feed- 
back op amp can be treated like a conventional op amp. As 
with a conventional op amp, the feedback network con- 
nected to the inverting input controls the closed-loop gain. 
But with a current-feedback op amp, the impedance of the 
feedback network also controls the open-loop gain and 
frequency response. 

Feedback resistor values can be selected to provide a nearly 
constant closed-loop bandwidth over a very wide range of 
gain. This is in contrast to a conventional op amp where 
circuit bandwidth is inversely proportional to the closed- 
loop gain, sharply limiting bandwidth at high gain. 

Figures 4a and 4b show appropriate feedback resistor values 
versus closed-loop gain for maximum bandwidth with mini- 
mal peaking. The dual vertical axes of these curves also 
show the resulting bandwidth. Note that the bandwidth re- 
mains nearly constant as gain is increased. 

With control of the open-loop characteristics of the op amp, 
dynamic behavior can be tailored to an application’s require- 
ments. Lower feedback resistance gives wider bandwidth, 
more frequency-response peaking and more pulse response 
overshoot. The higher open-loop gain resulting from lower 
feedback network resistors also yields lower distortion. 
Higher feedback network resistance gives an over-damped 
response with little or no peaking and overshoot. This may 
be beneficial when driving capacitive loads. Feedback net- 
work impedance can also be varied to optimize dynamic 
performance. To achieve wider bandwidth, use a feedback 
resistor value somewhat lower than indicated in Figure 4. 



FIGURE 4. Feedback Resistor Selection Curves. 


EXTENDING BANDWIDTH R F ( Q ) = 30 * ( 30 " G > for v s = ±15V 

For gains less than approximately 20, bandwidth can be For example, for a gain of 10, use R p = 6000. Optimum 

extended by adding a capacitor, C F , in parallel with a lower values differ slightly for ±5V operation: 

value for R P . The optimum gain-setting resistor value in this 

case is far lower than those shown in Figure 1. For ±15V R F (O) = 30 • (23 - G) for V s = ±5V 

operation, select R p with the following equation: 


Burr-Brown IC Data Book Supplement , Vol. 33b 


2-39 



For Immediate Assistance, Contact Your Local Salesperson 


C F will range from lpF to lOpF depending on the selected 
gain, load, and circuit layout. Adjust C F to optimize band- 
width and minimize peaking. Figure 5 shows bandwidth 
which can be acheived using this technique. 

Typical values for this capacitor range from lpF to lOpF 
depending on closed-loop gain and load characteristics. Too 
large a value of C F can cause instability. 

UNITY-GAIN OPERATION 

As Figure 4b indicates, the OPA603 can be operated in unity 
gain. A feedback resistor (approximately 2.8k£2) sets the ap- 
propriate open-loop characteristics and resistor R, is omit- 
ted. Just as with gains greater than one, the value of the 
feedback resistor (and capacitor if used) can be optimized 
for the desired dynamic response and load characteristics. 

Care should be exercised not to exceed the maximum differ- 
ential input voltage rating of ±6V. Large input voltage steps 
which exceed the device’s slew rate of lOOOV/ps can apply 
excessive differential input voltage. 


CIRCUIT LAYOUT 

With any high-speed, wide-bandwidth circuitry, careful cir- 
cuit layout will ensure best performance. Make short, direct 
circuit interconnections and avoid stray wiring capacitance — 
especially at the inverting input pin. A component-side 
ground plane will help ensure low ground impedance. Do 
not place the ground plane under or near the inputs and 
feedback network. 

Power supplies should be bypassed with good high-fre- 
quency capacitors positioned close to the op amp pins. In 
most cases, a 0.0 1 pF ceramic capacitor in parallel with a 
2.2pF solid tantalum capacitor at each power supply pin is 
adequate. The OPA603 can deliver high load current — up to 
150mA peak. Applications with low impedance or capaci- 
tive loads demand large current transients from the power 
supplies. It is the power supply bypass capacitors which 
must supply these current transients. Larger bypass capaci- 
tors such as lOpF solid tantalum capacitors may improve 
performance in these applications. 


POWER DISSIPATION 

High output current causes increased internal power dissipa- 
tion in the OPA603. Copper leadframe construction maxi- 
mizes heat dissipation compared to conventional plastic 
packages. To achieve best heat dissipation, solder the device 
directly to the circuit board and use wide circuit board 
traces. Solder the unused pins, (1, 5 and 8) to a top-side 
ground plane for improved power dissipation. Limit the load 
and signal conditions depending on maximum ambient tem- 
perature to assure operation within the power derating curve. 

The OPA603 may be operated at reduced power supply 
voltage to minimize power dissipation. Detailed specifica- 
tions are provided for both ±15V and ±5V operation. 



FIGURE 5. Bandwidth Results with Added Capacitor C F . 


APPLICATIONS CIRCUITS 



FIGURE 6. Offset Voltage Adjustment. 



FIGURE 7. Controlling Dynamic Performance. 
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C 



FIGURE 8. Low-Pass Filter — 10MHz. 



FIGURE 9. High-Pass Filter — 1MHz. 


R 




10MHz 

1 

2>/2 Jt RC 


FIGURE 10. Bandpass Filter — 10MHz. 


r 2 



This composite amplifier uses the OPA603 current-feedback op amp 
to provide extended bandwidth and slew rate at high dosed-loop gain. 
The feedback loop is closed around the composite amp, preserving the 
precision input characteristics of the OPA627/637. Use separate 
power supply bypass capacitors for each op amp. 


* Minimize capacitance at this node. 


GAIN 

A, 

R, 

R a 

R, 

R « 

-3dB 

SLEW 

RATE 

(V/V) 

OP AMP 

(«) 

(kQ) 

(Q) 

(kO) 

(MHz) 

(V/ns) 

100 

OPA627 

50.5 (, » 

4.99 

20 

1 

15 

700 

1000 

OPA637 

49.9 

4.99 

12 

1 

11 

500 

NOTE: (1) Closest 1/2% value. 






FIGURE 11. Precision-Input Composite Amplifier. 
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Wideband Precision 


OPERATIONAL AMPLIFIER 


FEATURES 

9 LOW DISTORTION 

• FAST SETTLING: 25ns (0.01%) 

• GAIN-BANDWIDTH: 200MHz 

• UNITY-GAIN STABLE 

• LOW OFFSET VOLTAGE: ±100|iV 
9 SLEW RATE: 250V/ps 

• LOW DIFFERENTIAL GAIN/PHASE ERROR 
9 8-PIN DIP AND SOIC PACKAGES AND DIE 

DESCRIPTION 

The OPA620 is a precision wideband monolithic opera- 
tional amplifier featuring very fast settling time, low 
differential gain and phase error, and high output cur- 
rent drive capability. 

The OPA620 is internally compensated for unity-gain 
stability. This amplifier has a very low offset, fully 
symmetrical differential input due to its “classical” 
operational amplifier circuit architecture. Unlike “cur- 
rent-feedback” amplifier designs, the OPA620 may be 


APPLICATIONS 

• HIGH-SPEED SIGNAL PROCESSING 

• ADC/DAC BUFFER 

• ULTRASOUND 

• PULSE/RF AMPLIFIERS 

• HIGH-RESOLUTION VIDEO 

• ACTIVE FILTERS 


used in all op amp applications requiring high speed 
and precision. 

Low noise and distortion, wide bandwidth, and high 
linearity make this amplifier suitable for RF and video 
applications. Short-circuit protection is provided by an 
internal current-limiting circuit. 

The OPA620 is available in plastic, ceramic, SOIC 
packages, and die form. Two temperature ranges are 
offered: 0°C to +70°C and -55°C to +125°C. 



International Airport Industrial Park • Mailing Address: P0 Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 
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SPECIFICATIONS 


ELECTRICAL 

At V cc = ±5VDC, R l = 100ft, and T A = +25°C unless otherwise noted. 





OPA620KG/SG 

OPA620LG 


PARAMETER 

CONDITIONS 






123 



m 

UNITS 

INPUT NOISE 

Voltage: f Q = 100Hz 

R s = on 


10 


■ 

g 

u 

g 

■ 

g 

nV/^Hz 

f D = 1kHz 



5.5 




■i 




nV/^Hz 

f 0 = 10kHz 



3.3 




1 




nV/VHz 

f D = 100kHz 



2.5 


jSHggi 






nV/VTTz 

f D = 1MHz to 100MHz 



2.3 




■ 

■ 

■ 


nV/fiTz 

f B = 100Hz to 10MHz 



8.0 





■ 


■ 

pV, rms 

Current: f 0 = 10kHz to 100MHz 



2.3 


| 

m 



1 

v . 

pA/JHz 

OFFSET VOLTAGE'” 

Input Offset Voltage 

v CM . 0 VDC 


±200 

±1 mV 

■ 


■ 


±100 

±500 

pV 

Average Drift 

T a = T min t0 T wax 


±8 




g| 




pV/°C 

Supply Rejection 

±V CC = 4.5V to 5.5V 

50 

60 





55 



dB 

BIAS CURRENT 

Input Bias Current 

V CM = 0VDC 


15 

30 


* 

* 



25 

pA 

OFFSET CURRENT 

Input Offset Current 

V cm = 0VDC 


0.2 

2 


* 

* 



* 

pA 

INPUT IMPEDANCE 

Differential 

Open-Loop 


15 ||1 


■ 

| 

■ 




kQ|| pF 

Common-Mode 



1 111 




■ 




Mft || pF 

INPUT VOLTAGE RANGE 

Common-Mode Input Range 


±3.0 

±3.5 



g 

g 

* 



V 

Common-Mode Rejection 

V IN = ±2.5VDC, V 0 = 0VDC 

65 

75 


n 



70 



dB 

OPEN-LOOP GAIN, DC 

Open-Loop Voltage Gain 

R L = 100ft 

50 

60 


■ 

g 

■ 

55 



dB 


R l = 500 

48 

58 





53 



dB 

FREQUENCY RESPONSE 

Closed-Loop Bandwidth 

Gain = +1V/V 


300 








MHz 

{-3dB) 

Gain = +2V/V 


100 








MHz 


Gain = +5V/V 


40 








MHz 


Gain = +10V/V 


20 






* 


MHz 

Gain-Bandwidth 

Gain = +10 V/V 


200 








MHz 

Differential Gain 

3.58MHz, G = +1VW 


0.05 



* 





% 

Differential Phase 

3.58MHz, G = +1 V/V 


0.05 



* 





Degrees 

Harmonic Distortion* 2 ’ 

G = +2V/V, f = 10MHz, V 0 = 2Vp-p 












Second Harmonic 


-61 

-50 


• 

* 



* 

dBc* 3) 


Third Harmonic 


-65 

-55 



* 



* 

dBc 

Full Power Response* 2 ’ 

V Q = 5Vp-p, Gain = +1VA/ 

11 

16 


* 

* 


* 



MHz 


V Q = 2Vp-p, Gain = +1 V/V 

27 

40 


* 



* 



MHz 

Slew Rate' 2 ’ 

2V Step, Gain = -1V/V 

175 

250 


* 



* 



V/ps 

Overshoot 

2V Step, Gain = -1V/V 


10 








% 

Settling Time: 0.1% 

2V Step, Gain = -1 V/V 


13 








ns 

0.01% 



25 








ns 

Phase Margin 

Gain = +1 V/V 


60 








Degrees 

Rise Time 

Gain = +1V/V, 10% to 90% 

V 0 = lOOmVp-p; Small Signal 


2 








ns 


V 0 = 6Vp-p; Large Signal 


22 








ns 

RATED OUTPUT 

Voltage Output 

X 

n 

o 

o 

±2.8 

±3.0 


. 






V 


r l = son 

, ±2.5 

±3.0 


* 



* 

* 


V 

Output Resistance 

1MHz, Gain = +1V/V 


0.015 






! * 


ft 

Load Capacitance Stability 

Gain = +1V/V 


20 






* 


PF 

Short Circuit Current 

Continuous 


±150 








mA 

POWER SUPPLY 

Rated Voltage 

±v cc 


5 






* 


VDC 

Derated Performance 

±v cc 

4.0 


6.0 

* 


* 

* 


* 

VDC 

Current, Quiescent 

l 0 = OmADC 


21 

23 



* 


* 

* 

mA 

TEMPERATURE RANGE 

Specification: KP, KU, KG, LG 

Ambient Temperature 

0 


+70 

• 


• 

• 


* 

°C 

SG 





-55 


+125 




°C 

Operating: KG, LG, SG 

Ambient Temperature 




-55 


+125 

-55 


+125 

°C 

KP, KU 

KG, LG, SG 


-25 


+85 







°c 


1 




125 



125 


°c/w 

KP 



90 








°c/w 

KU 



100 








°c/w 


* Same specifications as for KP/KU. 
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SPECIFICATIONS (cont) 


ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 

At V cc = ±5VDC, R l = 100£2, and T A = T M1N to unless otherwise noted. 




OPA620KP/KU 

OPA620KG/SG 

OPA620LG 


PARAMETER 

CONDITIONS 

U-31 

TYP 




U22I 

MIN 

TYP 

MAX 

UNITS 

TEMPERATURE RANGE 

Specification: KP, KU, KG, LG 

Ambient Temperature 

0 

■ 

+70 

. 


* 


■ 

■ 

H ! 

SG 





-55 


+125 



■ 

mm 

OFFSET VOLTAGE 11 ' 

Average Drift 

T. - T„„ to T„„ 


±8 



* 



■ 


m 

Supply Rejection 

±V CC = 4.5V to 5.5V 

45 

60 


* 

* 





lea 

BIAS CURRENT 

Input Bias Current 

V cm = 0VDC 


15 

40 


• 

• 


* 

35 

pA 

OFFSET CURRENT 

Input Offset Current 

v cm = ovdc 



H 


* 

* 


* 

* 

pA 

INPUT VOLTAGE RANGE 

Common-Mode Input Range 


m 



■ 

g 


* 

g 

g 

n 

Common-Mode Rejection 

V IN = ±2.5VDC, V Q = OVDC 

m 






65 



mm 

OPEN LOOP GAIN, DC 

Open-Loop Voltage Gain 

R l = 1000 

n 



■ 

g 


52 

g 

g 

dB 


R l = 500 

Efl 






50 



dB 

RATED OUTPUT 

Voltage Output 

R l = 1000 




■ 

■ 


* 

g 

g 

H 


R l = 500 







* 




POWER SUPPLY 

Current, Quiescent 

l 0 = OmADC 





* 

* 


* 


mA j 


* Same specifications as for KP/KU. 

NOTES: (1 ) Offset Voltage specifications are also guaranteed with units fully warmed up. (2) Parameter is sample tested. (3) dBc = dB refered to carrier-input signal. 


ORDERING INFORMATION 


ABSOLUTE MAXIMUM RATINGS 


Basic Model Number 

Performance Grade Code - 
K, L = 0°C to +70°C 
S = -55°C to +125°C 

Package Code 

G = 8-pin Ceramic DIP 
P = 8-pin Plastic DIP 
U = 8-pin Plastic SOIC 


Y 




Supply 

±7VDC 

Internal Power Dissipation* 4 ' 

See Applications Information 

Differential Input Voltage 

Total V cc 

Input Voltage Range 

See Applications Information 

Storage Temperature Range: KG, LG, SG 

-65°C to +1 50°C 

KP,KU 

-40°C to +1 25°C 

Lead Temperature (soldering, 10s) 

+300°C 

(soldering, SOIC 3s) 

+260°C 

Output Short Circuit to Ground (+25°C) .... 


Junction Temperature (Tj) 

+175°C 

NOTE: (4) Packages must be derated based on specified 6 JV Maximum 

Tj must be observed. 


PIN CONFIGURATION (8-PIN DIP) 


Top View 


No Internal Connection 
Inverting Input 
Non-inverting Input 
Negative Supply (-V cc ) 



No Internal Connection 
Positive Supply (+V CC ) 
Output 

No Internal Connection 
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MECHANICAL 


G Package — 8-P)n Ceramic 


Seating 

Plane 




INCHES 



TTT« 

■MEM 

EM 


A 

TVM 

tbet 


PEI 

B 




TREE 

warn 

.140 

.170 

3.56 

4.32 

D 

.015 

.021 

0.38 

0.53 

F 

T?ET 

.060 

1.14 

1.52 

mm 



o 

- 

EH 

— 

HM 

j 


EH 


EM 

mm 


— 

TIME 


i 


this 

WHrM 


MM 

eh 

mm 

mm 

mm 

\mm 

EH 

EH 

WiVkW 

meet 

" 

.125 

.175 

3.18 

4.45 | 



NOTE: Leads in true 
position within 0.01 ” 
(0.25mm) R at MMC 
at seating plane. 


P Package — 8-Pln Plastic DIP 



r~ 

INCHES 

MILLIMETERS 1 



non 

M\m 


□I 

TLH 


teem 

TMH 

— 

Trim 

EM 


E| 


TB1 

eh 


litw 

mm 


EH 

uni 

BliJi 

c 

THEM 

TCT 

THil 

EH 

D"> 

.370 

.400 

9.40 

10.16 

E 

.300 

.325 

7.62 

8.26 

Ei 

.240 

.260 

6.10 

6.60 

ei 

.100 BASIC 

2.54 BASIC 

eA 

.300 BASIC 

7.62 BASIC 

L 

.125 1 .150 

3.18 1 3.81 


wmm 



EH 


mlhvM 

E M 

EEM 

mm 

El 

eh 



Mi 


mm 

eh 


SOS 

■nym 

eh 

MEM 

SEES' 

msm 

eh 


wosm 

9HM 

mm 

Tim 

mzm 

TEES 

WHM 


(1) Not JEDECStd. 

(2) ei and e A applies in zone L, when 
unit installed. 

NOTE: Leads in true position within 
0.01 " (0.25mm) R at MMC at seating 
plane. 


U Package — 8-Pin SOIC 


Pin 1 Identifier 


PZa“ 


O n n 



Tf 

B, B 

JJ 


— H 

, 1 

u 

I ° 

1 t 

tamt 

J G L- D-J L 


•uBB u 

fL L' -T* 


ESI 

hmshb 

nilWB!3iasIcH 

WnlftM 

hi'M 


iHIliT 

fc MM 

EH 

mm i 

H 

1PB 

1M 

U 

m 


WWM 

fclli 

I0B 

mm 

TEH 


EPS 

eh 

EH 

TEEM 

TESM 


'ESI 

SHI 

T!M 

KEVM 

TEEM 

eh 

THEM 

TIM 

W*%M 


mm 

ns 


EH 

TIM 

EH 

MtVM 

EH 

SSI 

TM 

EHI 

IMS 

[EH 

mm 


EH 


wzm 


EH 

EM 

EH 

IBM 

EB 

TI»M 

TIM 




NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. 
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TYPICAL PERFORMANCE CURVES 

At V cc = ±5VDC, R l = 100Q, and T A = +25°C unless otherwise noted. 


OPEN-LOOP FREQUENCY RESPONSE 
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TYPICAL PERFORMANCE CURVES (CONT) 

At V cc = ±5VDC, R u = 100D, and T/= +25°C unless otherwise noted. 


A v = +10V/V CLOSED-LOOP BANDWIDTH 



Ik 10k 100k 1M 10M 100M 1G 

Frequency (Hz) 


INPUT CURRENT NOISE SPECTRAL DENSITY 




O 

CM 

<0 

2 

O 



100 Ik 10k 100k 1M 10M 100M 

Frequency (Hz) 



Ambient Temperature (°C) 


£ 

in 


-i 

& 

s 

< 

mi 

< 

z 

0 

1 

ill 

Q. 

O 



0 1 2 3 4 5 6 

Time from Power Turn-on (min) 


INPUT OFFSET VOLTAGE CHANGE 
DUE TO THERMAL SHOCK 



m 






iiig 

T a = 25°C to T a = 
Air Environment 

125°C '" r " 


m 

■ 

; KandL 

Grades 

C to 70°C 

ronment 


dO Kj 

m 

■ 

-Ta = 25 
* Air Env 






m 










0 +1 +2 +3 

Time from Thermal Shock (min) 


Burr-Brown IC Data Book Supplement , Vol. 33b 


2-47 








Common-Mode Rejection (dB) Common-Mode Rejection (dB) Bias Current (pA) 


For Immediate Assistance, Contact Your Local Salesperson 


TYPICAL PERFORMANCE CURVES (CONT) 

At V cc = ±5VDC, R l = 100Q, and T A = +25°C unless otherwise noted. 


BIAS AND OFFSET CURRENT 
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BIAS AND OFFSET CURRENT 
vs TEMPERATURE 
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TYPICAL PERFORMANCE CURVES (CONT) 

At V cc = ±5VDC, R l = 1 00Q, and T A = +25°C unless otherwise noted. 
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TYPICAL PERFORMANCE CURVES (CONT) 

At V cc = ±5VDC, R l = 1 00ft, and T A = +25°C unless otherwise noted. 

NTSC DIFFERENTIAL GAIN vs CLOSED-LOOP GAIN NTSC DIFFERENTIAL PHASE vs CLOSED-LOOP GAIN 



Closed- Loop Gain (V/V) Closed-Loop Gain (V/V) 
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APPLICATIONS INFORMATION 

DISCUSSION OF PERFORMANCE 

The OPA620 provides a level of speed and precision not 
previously attainable in monolithic form. Unlike current 
feedback amplifiers, the OPA620’s design uses a “Classi- 
cal” operational amplifier architecture and can therefore be 
used in all traditional operational amplifier applications. 
While it is true that current feedback amplifiers can provide 
wider bandwidth at higher gains, they offer many disadvan- 
tages. The asymmetrical input characteristics of current 
feedback amplifiers (i.e. one input is a low impedance) 
prevents them from being used in a variety of applications. 

In addition, unbalanced inputs make input bias current errors 
difficult to correct. Bias current cancellation through match- 
ing of inverting and non-inverting input resistors is impos- 
sible because the input bias currents are uncorrelated. Cur- 
rent noise is also asymmetrical and is usually significantly 
higher on the inverting input. Perhaps most important, set- 
tling time to 0.01% is often extremely poor due to internal 
design tradeoffs. Many current feedback designs exhibit set- 
tling times to 0.01% in excess of 10 microseconds even 
though 0. 1 % settling times are reasonable. Such amplifiers 
are completely inadequate for fast settling 12-bit applica- 
tions. 

The OPA620’s “Classical” operational amplifier architec- 
ture employs true differential and fully symmetrical inputs 
to eliminate these troublesome problems. All traditional 
circuit configurations and op amp theory apply to the 
OPA620. The use of low-drift thin-film resistors allows 
internal operating currents to be laser-trimmed at wafer- 
level to optimize AC performance such as bandwidth and 
settling time, as well as DC parameters such as input offset 
voltage and drift. The result is a wideband, high-frequency 
monolithic operational amplifier with a gain-bandwitdth 
product of 200MHz, a 0.01% settling time of 25ns, and an 
input offset voltage of 100|iV. 

WIRING PRECAUTIONS 

Maximizing the OPA620’s capability requires some wiring 
precautions and high-frequency layout techniques. Oscilla- 
tion, ringing, poor bandwidth and settling, gain peaking, and 
instability are typical problems plaguing all high-speed 
amplifiers when they are improperly used. In general, all 
printed circuit board conductors should be wide to provide 
low resistance, low impedance signal paths. They should 
also be as short as possible. The entire physical circuit 
should be as small as practical. Stray capacitances should be 
minimized, especially at high impedance nodes, such as the 
amplifier’s input terminals. Stray signal coupling from the 
output or power supplies to the inputs should be minimized. 

All circuit element leads should be no longer than 1/4 inch 
(6mm) to minimize lead inductance, and low values of 
resistance should be used. This will minimize time constants 
formed with the circuit capacitances and will eliminate 
stray, parasitic circuits. 

Teflon* E. I. Du Pom de Nemours & Co. 
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Grounding is the most important application consideration 
for the OPA620, as it is with all high-frequency circuits. Os- 
cillations at frequencies of 200MHz and above can easily 
occur if good grounding techniques are not used. A heavy 
ground plane (2oz copper recommended) should connect all 
unused areas on the component side. Good ground planes 
can reduce stray signal pickup, provide a low resistance, low 
inductance common return path for signal and power, and 
can conduct heat from active circuit package pins into 
ambient air by convection. 

Supply bypassing is extremely critical and must always be 
used, especially when driving high current loads. Both 
power supply leads should be bypassed to ground as close as 
possible to the amplifier pins. Tantalum capacitors (ljiF to 
1 OjiF) with very short leads are recommended. Although not 
required, a parallel 0.01 |iF ceramic may be added if desired. 
Surface mount bypass capacitors will produce excellent re- 
sults due to their low lead inductance. Additionally, suppres- 
sion filters can be used to isolate noisy supply lines. Prop- 
erly bypassed and modulation-free power supply lines allow 
full amplifier output and optimum settling time perform- 
ance. 

Points to Remember 

1) Don’t use point-to-point wiring as the increase in wiring 
inductance will be detrimental to AC performance. How- 
ever, if it must be used, very short, direct signal paths are 
required. The input signal ground return, the load ground 
return, and the power supply common should all be con- 
nected to the same physical point to eliminate ground loops, 
which can cause unwanted feedback. 

2) Good component selection is essential. Capacitors used in 
critical locations should be a low inductance type with a high 
quality dielectric material. Likewise, diodes used in critical 
locations should be Schottky barrier types, such as HP5082- 
2835 for fast recovery and minimum charge storage. Ordi- 
nary diodes will not be suitable in RF circuits. 

3) Whenever possible, solder the OPA620 directly into the 
PC board without using a socket. Sockets add parasitic ca- 
pacitance and inductance, which can seriously degrade AC 
performance or produce oscillations. If sockets must be 
used, consider using zero-profile solderless sockets such as 
Augat part number 81 34-HC-5P2. Alternately, Teflon® stand- 
offs located close to the amplifier’s pins can be used to 
mount feedback components. 

4) Resistors used in feedback networks should have values 
of a few hundred ohms for best performance. Shunt capaci- 
tance problems limit the acceptable resistance range to about 
lkQ on the high end and to a value that is within the 
amplifier’s output drive limits on the low end. Metal film 
and carbon resistors will be satisfactory, but wirewound 
resistors (even “non-inductive” types) are absolutely unac- 
ceptable in high-frequency circuits. 

5) Surface mount components (chip resistors, capacitors, 
etc) have low lead inductance and are therefore strongly rec- 
ommended. Circuits using all surface mount components 
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with the OPA620KU (SOIC package) will offer the best AC 
performance. The parasitic package inductance and capaci- 
tance for the SOIC is lower than the both the Cerdip and 8- 
lead Plastic DIP. 

6) Avoid overloading the output. Remember that output 
current must be provided by the amplifier to drive its own 
feedback network as well as to drive its load. Lowest distor- 
tion is achieved with high impedance loads. 

7) Don’t forget that these amplifiers use ±5V supplies. Al- 
though they will operate perfectly well with +5V and -5.2V, 
use of ±15V supplies will destroy the part. 

8) Standard commercial test equipment has not been de- 
signed to test devices in the OPA620’s speed range. Bench- 
top op amp testers and ATE systems will require a special 
test head to successfully test these amplifiers. 

9) Terminate transmission line loads. Unterminated lines, 
such as coaxial cable, can appear to the amplifier to be a 
capacitive or inductive load. By terminating a transmission 
line with its characteristic impedance, the amplifier’s load 
then appears purely resistive. 

10) Plug-in prototype boards and wire-wrap boards will not 
be satisfactory. A clean layout using RF techniques is essen- 
tial; there are no shortcuts. 


OFFSET VOLTAGE ADJUSTMENT 

The OPA620’s input offset voltage is laser-trimmed and 
will require no further adjustment for most applications. 
However, if additional adjustment is needed, the circuit in 
Figure 1 can be used without degrading offset drift with 
temperature. Avoid external adjustment whenever possible 
since extraneous noise, such as power supply noise, can be 
inadvertently coupled into the amplifier’s inverting input 
terminal. Remember that additional offset errors can be 
created by the amplifier’s input bias currents. Whenever 
possible, match the impedance seen by both inputs as is 
shown with R 3 This will reduce input bias current errors to 
the amplifier’s offset current, which is typically only 0.2jiA. 


INPUT PROTECTION 

Static damage has been well recognized for MOSFET de- 
vices, but any semiconductor device deserves protection 
from this potentially damaging source. The OPA620 incor- 
porates on-chip ESD protection diodes as shown in Figure 2. 
This eliminates the need for the user to add external protec- 
tion diodes, which can add capacitance and degrade AC 
performance. 


ESD Protection diodes internally 
connected to all pins. 


Internal 

Circuitry 


-V cc 


FIGURE 2. Internal ESD Protection. 


External q. 
Pin 


All pins on the OPA620 are internally protected from ESD 
by means of a pair of back-to-back reverse-biased diodes to 
either power supply as shown. These diodes will begin to 
conduct when the input voltage exceeds either power supply 
by about 0.7V. This situation can occur with loss of the 
amplifier’s power supplies while a signal source is still pres- 
ent. The diodes can typically withstand a continuous current 
of 30mA without destruction. To insure long term reliabil- 
ity, however, diode current should be externally limited to 
10mA or so whenever possible. 

The internal protection diodes are designed to withstand 
2.5kV (using Human Body Model) and will provide ade- 
quate ESD protection for most normal handling procedures. 
However, static damage can cause subtle changes in ampli- 
fier input characteristics without necessarily destroying the 
device. In precision operational amplifiers, this may cause a 
noticeable degradation of offset voltage and drift. Therefore, 
static protection is strongly recommended when handling 
the OPA620. 



FIGURE 1. Offset Voltage Trim. 


OUTPUT DRIVE CAPABILITY 

The OPA620’s design uses large output devices and has 
been optimized to drive 50Q and 75Q resistive loads. The 
device can easily drive 6Vp-p into a 500 load. This high- 
output drive capability makes the OPA620 an ideal choice 
for a wide range of RF, IF, and video applications. In many 
cases, additional buffer amplifiers are unneeded. 

Internal current-limiting circuitry limits output current to 
about 150mA at 25°C. This prevents destruction from acci- 
dental shorts to common and eliminates the need for exter- 
nal current-limiting circuitry. Although the device can with- 
stand momentary shorts to either power supply, it is not rec- 
ommended. 

Many demanding high-speed applications such as ADC/ 
DAC buffers require op amps with low wideband output 
impedance. For example, low output impedance is essential 
when driving the signal-dependent capacitances at the in- 
puts of flash A/D converters. As shown in Figure 3, the 
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OPA620 maintains very low closed-loop output impedance 
over frequency. Closed-loop output impedance increases 
with frequency since loop gain is decreasing with frequency. 



FIGURE 3. Small-Signal Output Impedance vs Frequency. 


THERMAL CONSIDERATIONS 

The OPA620 does not require a heat sink for operation in 
most environments. The use of a heat sink, however, will 
reduce the internal thermal rise and will result in cooler, 
more relaible operation. At extreme temperatures and under 
full load conditions a heat sink is necessary. See “Maximum 
Power Dissipation” curve, Figure 4. 


The internal power dissipation is given by the equation P D = 
P DQ + P DL , where P DQ is the quiescent power dissipation and 
P DL is the power dissipation in the output stage due to the 
load. (For ±V CC = ±5V, P DQ = 10V X 23mA = 230mW, 
max). For the case where the amplifier is driving a grounded 
load (R l ) with a DC voltage (±V 0UT ) the maximum value of 
P DL occurs at ±V 0UT = ±V cc /2, and is equal to P DL , max = 
(±V cc ) 2 /4R l . Note that it is the voltage across the output 
transistor, and not the load, that determines the power dissi- 
pated in the output stage. 


When the output is shorted to common P DL = 5V X 150mA 
= 750mW. Thus, P D = 230mW + 750mW * 1 W. Note that 
the short-circuit condition represents the maximum amount 
of internal power dissipation that can be generated. Thus, the 
“Maximum Power Dissipation” curve starts at 1W and is 
derated based on a 175°C maximum junction temperature 
and the junction-to-ambient thermal resistance, 0 JA , of each 
package. The variation of short-circuit current with tempera- 
ture is shown in Figure 5. 


FIGURE 5. Short-Circuit Current vs Temperature. 

CAPACITIVE LOADS 

The OPA620’s output stage has been optimized to drive 
resistive loads as low as 50Q. Capacitive loads, however, 
will decrease the amplifier’s phase margin which may cause 
high frequency peaking or oscillations. Capacitive loads 
greater than 20pF should be buffered by connecting a small 
resistance, usually 5Q to 25 £2, in series with the output as 
shown in Figure 6. This is particularly important when 
driving high capacitance loads such as flash A/D converters. 



In general, capacitive loads should be minimized for opti- 
mum high frequency performance. Coax lines can be driven 
if the cable is properly terminated. The capacitance of coax 
cable (29pF/foot for RG-58) will not load the amplifier 
when the coaxial cable or transmission line is terminated in 
its characteristic impedance. 



FIGURE 4. Maximum Power Dissipation. 
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COMPENSATION 

The OPA620 is internally compensated and is stable in unity 
gain with a phase margin of approximately 60°. However, 
the unity gain buffer is the most demanding circuit configu- 
ration for loop stability and oscillations are most likely to 
occur in this gain. If possible, use the device in a noise gain 
of two or greater to improve phase margin and reduce the 
susceptibility to oscillation. (Note that, from a stability 
standpoint, an inverting gain of -1V/V is equivalent to a 
noise gain of 2.) Gain and phase response for other gains are 
shown in the Typical Performance Curves. 

The high-frequency response of the OPA620 in a good 
layout is very flat with frequency. However, some circuit 
configurations such as those where large feedback resis- 
tances are used, can produce high-frequency gain peaking. 
This peaking can be minimized by connecting a small ca- 
pacitor in parallel with the feedback resistor. This capacitor 
compensates for the closed-loop, high frequency, transfer 
function zero that results from the time constant formed by 
the input capacitance of the amplifier (typically 2pF after PC 
board mounting), and the input and feedback resistors. The 
selected compensation capacitor may be a trimmer, a fixed 
capacitor, or a planned PC board capacitance. The capaci- 
tance value is strongly dependent on circuit layout and 
closed-loop gain. Using small resistor values will preserve 
the phase margin and avoid peaking by keeping the break 
frequency of this zero sufficiently high. When high closed- 
loop gains are required, a three-resistor attenuator (tee net- 
work) is recommended to avoid using large value resistors 
with large time constants. 

SETTLING TIME 

Settling time is defined as the total time required, from the 
input signal step, for the output to settle to within the 
specified error band around the final value. This error band 


is expressed as a percentage of the value of the output 
transition, a 2V step. Thus, settling time to 0.01% requires 
an error band of ±200|iV centered around the final value of 
2V. 

Settling time, specified in an inverting gain of one, occurs in 
only 25ns to 0.01% for a 2V step, making the OPA620 one 
of the fastest settling monolithic amplifiers commercially 
available. Settling time increases with closed-loop gain and 
output voltage change as described in the Typical Perform- 
ance Curves. Preserving settling time requires critical atten- 
tion to the details as mentioned under “Wiring Precautions.” 
The amplifier also recovers quickly from input overloads. 
Overload recovery time to linear operation from a 50% 
overload is typically only 30ns. 

In practice, settling time measurements on the OPA620 
prove to be very difficult to perform. Accurate measurement 
is next to impossible in all but the very best equipped labs. 
Among other things, a fast flat-top generator and high speed 
oscilloscope are needed. Unfortunately, fast flat-top genera- 
tors, which settle to 0.01% in sufficient time, are scarce and 
expensive. Fast oscilloscopes, however, are more commonly 
available. For best results a sampling oscilloscope is recom- 
mended. Sampling scopes typically have bandwidths that 
are greater than 1GHz and very low capacitance inputs. 
They also exhibit faster settling times in response to signals 
that would tend to overload a real-time oscilloscope. 

Figure 7 shows the test circuit used to measure settling time 
for the OPA620. This approach uses a 16-bit sampling oscil- 
loscope to monitor the input and output pulses. These wave- 
forms are captured by the sampling scope, averaged, and 
then subtracted from each other in software to produce the 
error signal. This technique eliminates the need for the 
traditional “false-summing junction,” which adds extra para- 
sitic capacitance. Note that instead of an additional flat-top 
generator, this technique uses the scope’s built-in calibration 
source as the input signal. 


0 to +2V,f= 1.25MHz 

_n_ 

V IN ($ 


NOTE: Test fixture built using all surface-mount components. Ground 
plane used on component side and entire fixture enclosed in metal case. 
Both power supplies bypassed with lOpF Tantalum || 0.01 pF ceramic 
capacitors. It is directly connected (without cable) to TIME CAL trigger 
source on Sampling Scope (Data Precision's Data 61 00 with Model 640- 
1 plug-in). Input monitored with Active Probe (Channel 1). 


100Q 


2pF to 5pF (Adjust for Optimum Settling) 

-yf- 


100Q 

-M- 



X/ -5VDC 


To Active Probe (Channel 2) 
on sampling scope. 


FIGURE 7. Settling Time Test Circuit. 
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DIFFERENTIAL GAIN AND PHASE 

Differential Gain (DG) and Differential Phase (DP) are 
among the more important specifications for video applica- 
tions. DG is defined as the percent change in closed-loop 
gain over a specified change in output voltage level. DP is 
defined as the change in degrees of the closed-loop phase 
over the same output voltage change. Both DG and DP are 
specified at the NTSC sub-carrier frequency of 3.58MHz. 
DG and DP increase with closed-loop gain and output 
voltage transition as shown in the Typical Performance 
Curves. All measurements were performed using a Tektronix 
model VM700 Video Measurement Set. 

DISTORTION 

The OPA620’s Harmonic Distortion characteristics into a 
50f2 load are shown vs frequency and power output in the 
Typical Performance Curves. Distortion can be further im- 
proved by increasing the load resistance as illustrated in 
Figure 8. Remember to include the contribution of the feed- 
back resistance when calculating the effective load resis- 
tance seen by the amplifier. 



FIGURE 8. 1 0MHz Harmonic Distortion vs Load Resistance. 


Two-tone, third-order intermodulation distortion (IM) is an 
important parameter for many RF amplifier applications. 
Figure 9 shows the OPA620’s two-tone, third-order IM inter- 
cept vs frequency. For these measurements, tones were 
spaced 1MHz apart. This curve is particularly useful for 
determining the magnitude of the third-order IM products as 
a function of frequency, load resistance, and gain. For ex- 
ample, assume that the application requires the OPA620 to 
operate in a gain of +2V/V and drive 2Vp-p into 50Q at a 
frequency of 10MHz. Referring to Figure 9 we find that the 
intercept point is +40dBm. The magnitude of the third-order 
IM products can now be easily calculated from the expres- 
sion: 

Third IMD = 2(OPI 3 P - P 0 ) 

where OPI 3 P = third-order output intercept, dBm 
P 0 = output level/tone, dBm/tone 
Third IMD = third-order intermodulation ratio 
below each output tone, dB 


For this case OPI 3 P = 40dBm, P 0 = lOdBm, and the third- 
order IMD = 2(40 - 10) = 60dB below either lOdBm tone. 
The OPA620’s low IMD makes the device an excellent 
choice for a variety of RF signal processing applications. 



FIGURE 9. 2-Tone, 3rd Order Intermodulation Intercept vs 
Frequency. 


NOISE FIGURE 

The OPA620’s voltage and current noise spectral densities 
are specified in the Typical Performance Curves. For RF 
applications, however. Noise Figure (NF) is often the pre- 
ferred noise specification since it allows system noise per- 
formance to be more easily calculated. The OPA620’s Noise 
Figure vs Source Resistance is shown in Figure 10. 



FIGURE 10. Noise Figure vs Source Resistance. 


SPICE MODELS 

Computer simulation using SPICE is often useful when ana- 
lyzing the performance of analog circuits and systems. This 
is particularly true for Video and RF amplifier circuits where 
parasitic capacitance and inductance can have a major effect 
on circuit performance. SPICE models using MicroSim 
Corporation’s PSpice are available for the OPA620. Request 
Burr-Brown Application Note AN- 167. 
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RELIABILITY DATA 

Extensive reliability testing has been performed on the 
OPA620. Accelerated life testing (2000 hours) at maximum 
operating temperature was used to calculate M l I F at an 
ambient temperature of 25°C. These test results yield MTTF 
of: Cerdip package = 1.31E+9 Hours, Plastic DIP = 5.02E+7 
Hours, and SOIC = 2.94E+7 Hours. Additional tests such as 
PCT have also been performed. Reliability reports are avail- 
able upon request for each of the package options offered. 


APPLICATIONS 


DEMONSTRATION BOARDS 

Demonstration boards to speed prototyping are available. 
Request DEMI 135 for 8-Pin DIP, and DEMI 136 for SOIC 
package. 


3900 3900 



FIGURE 11. Video Distribution Amplifier. 




FIGURE 1 2. High-Q 1 MHz Bandpass Filter. FIGURE 1 3. Low Noise, Wideband FET Input Op Amp. 
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FIGURE 14. Differential Line Driver for 50£2 or 75Q Systems. 



FIGURE 15. Wideband, Fast-Settling Instrumentation Amplifier. 
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Wideband Precision 
OPERATIONAL AMPLIFIER 


FEATURES 

• VERY LOW DISTORTION 

• FAST SETTLING: 25ns (0.01%) 

• GAIN-BANDWIDTH: 500MHz 

• STABLE IN GAINS: > ±2V/V 

• LOW OFFSET VOLTAGE: ±100|iV 

• SLEW RATE: 500V/ps 

• LOW DIFFERENTIAL GAIN/PHASE ERROR 

• 8-PIN DIP, SOIC PACKAGES AND DIE 


APPLICATIONS 

• HIGH-SPEED SIGNAL PROCESSING 

• ADC/DAC BUFFER 

• ULTRASOUND 

• PULSE/RF AMPLIFIERS 

• HIGH-RESOLUTION VIDEO 

• ACTIVE FILTERS 


DESCRIPTION 

The OPA621 is a precision wideband monolithic opera- 
tional amplifier featuring very fast settling time, low 
differential gain and phase error, and high output cur- 
rent drive capability. 

The OPA621 is stable in gains of ±2V/V or higher. This 
amplifier has a very low offset, fully symmetrical dif- 
ferential input due to its “classical” operational ampli- 
fier circuit architecture. Unlike “current-feedback” 


amplifier designs, the OPA621 may be used in all op 
amp applications requiring high speed and precision. 

Low noise and distortion, wide bandwidth, and high 
linearity make this amplifier suitable for RF and video 
applications. Short circuit protection is provided by an 
internal current-limiting circuit. 

The OPA621 is available in plastic, ceramic, SOIC 
packages, and die form. Two temperature ranges are 
offered: 0°C to +70°C and -55°C to +125°C. 
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SPECIFICATIONS 


ELECTRICAL 

At V cc = ±5VDC, R l = 1 00ft, and T A = +25°C unless otherwise noted. 




OPA621 KP/KU 

OPA621 KG/SG 

OPA621LG 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

INPUT NOISE 

Voltage: f Q = 100Hz 

R s = Oft 


10 








nV/ VHz 

f 0 = 1kHz 



5.5 








nV/ VTE 

f 0 o 10kHz 



3.3 








nV/ VHz 

f 0 = 100kHz 



2.5 








nV/ V hz 

f 0 = 1MHz to 100MHz 



2.3 








nV/ VHz 

f a = 100Hz to 10MHz 



8.0 








pV, rms 

Current: f 0 = 10kHz to 100MHz 



2.3 



* 





pA/ VHz 

OFFSET VOLTAGE' 1 ' 

Input Offset Voltage 

V CM = 0VDC 


±200 

±lmV 

■ 

■ 

■ 


±100 

±500 

pV 

Average Drift 

T a = T m,n t0 T max 


±12 








pV/°C 

Supply Rejection 

±V CC = 4.5V to 5.5V 

50 

60 


* 



55 



dB 

BIAS CURRENT 

Input Bias Current 

V cm = 0VDC 


18 

30 


* 

* 


* 

25 

pA 

OFFSET CURRENT 

Input Offset Current 

V CM = 0VDC 


0.2 

2 



. 


* 


ma 

INPUT IMPEDANCE 

Differential 

Open- Loop 


15|| 1 








kft|| pF 

Common-Mode 



1JI 1 








Mft || pF 

INPUT VOLTAGE RANGE 

Common-Mode Input Range 


±3.0 

±3.5 








V 

Common-Mode Rejection 

V IN = ±2.5VDC, V Q = 0VDC 

65 

75 


* 

* 


70 



dB 

OPEN-LOOP GAIN, DC 

Open-Loop Voltage Gain 

R L = 100ft 

50 

60 


* 



55 



dB 


R l = 50ft 

48 

58 


* 

* 


53 



dB 

FREQUENCY RESPONSE 

Closed-Loop Bandwidth 
(-3dB) 

Gain = +2V/V 


500 








MHz 


Gain = +5V/V 


100 








MHz 


Gain = +10V/V 


50 








MHz 

Gain-Bandwidth 

Gain = +10V/V 


500 








MHz 

Differential Gain 

3.58MHz, G = +2V/V 


0.05 








% 

Differential Phase 

3.58MHz, G = +2V/V 


0.05 








Degrees 

Harmonic Distortion 12 ' 

G = +2V/V, f = 10MHz, V Q = 2Vp-p 












f = 10MHz, Second Harmonic 


-52 

-50 



* 



* 

dBc< 3 > 


Third Harmonic 


-80 

-70 



* 



* 

dBc 

Full Power Response' 2 ' 

V Q = 5Vp-p, Gain = +2V/V 

22 

32 


* 



* 



MHz 


V Q = 2Vp-p, Gain = +2V/V 

55 

80 


* 



* 



MHz 

Slew Rate' 2 ' 

2V Step, Gain = -2V/V 

350 

500 


* 



* 



V/ps 

Overshoot 

2 V Step, Gain = -2VA/ 


15 








% 

Settling Time: 0.1% 

2V Step, Gain = -2V/V 


15 








ns 

0.01% 



25 








ns 

Phase Margin 

Gain = +2V/V 


50 








Degrees 

Rise Time 

Gain = +2V/V, 10% to 90% 

V Q = 1 0OmVp-p; Small Signal 


1.8 








ns 


V 0 * 6Vp-p; Large Signal 


8 








ns 

RATED OUTPUT 

Voltage Output 

R l = 100ft 

±2.8 

±3.0 


* 



* 



V 


R l = 50ft 

±2.5 

±3.0 


* 



* 



V 

Output Resistance 

1MHz, Gain = +2V/V 


0.015 








ft 

Load Capacitance Stability 

Gain = +2V/V 


15 






* 


PF 

Short Circuit Current 

Continuous 


±150 






• 


mA 

POWER SUPPLY 

Rated Voltage 

±v cc 


5 








VDC 

Derated Performance 

±v cc 

4.0 


6.0 

* 


* 

* 


* 

VDC 

Current, Quiescent 

l Q = OmADC 


26 

28 



* 



* 

mA 

TEMPERATURE RANGE 

Specification: KP, KU, KG, LG 

Ambient Temperature 

0 


+70 

. 



. 



°C 

SG 





-55 


+125 




°C 

Operating: KG, LG, SG 

Ambient Temperature 




-55 


+125 

-55 


+125 

°C 

KP, KU 


-25 


+85 







°C 

KG, LG, SG 






125 



125 


°C/W 

KP 



90 








°C/W 

KU 



100 








°c/w 


* Same Specifications as for KP/KU. 
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SPECIFICATIONS (cont) 


ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 

At V cc = ±5VDC, R l = 1 00D, and T A = T MIN to T MAX unless otherwise noted. 





OPA621KG/SG 

OPA621LG 

■H 

PARAMETER 

CONDITIONS 

[221 

KB9I 


[21 


22 

22 



UNITS 

TEMPERATURE RANGE 

Specification: KP, KU, KG. LG 

Ambient Temperature 

D 

l 





. 



|9 

SG 


B 









mLM 

OFFSET VOLTAGE* 1 ' 

Average Drift 

T a = T min to T^ 

u 




■ 



■ 


nn 

Supply Rejection 

±V CC = 4.5V to 5.5V 

D 




B 


50 

B 


ns 

BIAS CURRENT 

Input Bias Current 

V CM = OVDC 





• 

* 


* 

B 

pA 

OFFSET CURRENT 

Input Offset Current 

V CM = OVDC 


H 

5 


* 

* 


* 

* 

IB 

INPUT VOLTAGE RANGE 

Common-Mode Input Range 




■ 

■ 

■ 



■ 


n 

Common-Mode Rejection 

V 1N = 12.5VDC, V 0 = OVDC 




B 

B 



B 


MM 

OPEN LOOP GAIN, DC 

Open-Loop Voltage Gain 

r l = ioon 

46 

60 


* 

* 



■ 


■ 


R l = 50Q 

44 

58 


* 

* 



B 


■ B 

RATED OUTPUT 

Voltage Output 

R l = 100Q 

±2.6 

±3.0 


■ 

■ 



■ 


n 


R l = 500 

±2.5 

±3.0 


■ 

B 



■ 


WM 

POWER SUPPLY 

Current, Quiescent 

l 0 = OmADC 


26 

30 


* 

* 


* 

* 



* Same specifications as for KP/KU. 

NOTES: (1) Offset Voltage specifications are also guaranteed with units fully warmed up. (2) Parameter is sample tested. (3) dBc = dB refered to carrier- 
input signal. 


ORDERING INFORMATION 


NOTE: (4) Packages must be derated based on specified 0 JA . Maximum Tj must 
be observed. 


Basic Model Number 

Performance Grade Code - 
K, L = 0°C to +70°C 
S = -55°C to +125°C 

Package Code 

G = 8-pin Ceramic DIP 
P = 8*pin Plastic DIP 
U = 8-pin Plastic SOIC 


QB^m. y 


ABSOLUTE MAXIMUM RATINGS 


Supply 

±7VDC 

Internal Power Dissipation* 4 ' 

.. See Applications Information 

Differential Input Voltage 

Total V cc 

Input Voltage Range 

. See Applications Information 

Storage Temperature Range KG, LG, SG: . 

-65°C to +150°C 

KP, KU: 

— 40°C to +125°C 

Lead Temperature (soldering, 10s) 

+300°C 

(soldering, SOIC 3s) 

+260°C 

Output Short Circuit to Ground (+25°C) 


Junction Temperature (Tj ) 

+175°C 


PIN CONFIGURATION (8-PIN DIP) 


Top View 


No Internal Connection | 1 


fs. 

3 

Inverting Input [ 2 



3 

Non-Inverting Input | 3 



3 

Negative Supply (— V cc ) 



3 


No Internal Connection 
Positive Supply (+V CC ) 
Output 

No Internal Connection 
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MECHANICAL 


G Package — 8-Pln Ceramic 


V_ Pin 1 


I 

B 

J 




r~ 

INCHES 

ICTTOSaiHiai 

ESI 

MM 

HIM 

m 

E3| 

TUB! 


Wb'M 

EESI 

Krnjhi 

B 




mm 

C 

.140 

.170 

3.56 

4.32 

D 

■TilPB 



MtuLScii 

F 

l»!EI 

iilM 

B1 

EI3WI 

G 

.100 BASIC 

2.54 BASIC i 

mm 

- 

HEI 

— 

rzm 

j 

■Ml 

MMM 

Mi 

MukuB 

K 

1K1 

— 

EH 

— 

L 

Kl 

.320 

7.37 

8.13 

mm 

0° 

mm 

0° 

mm\ 

mm 



h>f*M 

MEM 

mm 


mm 


mwm 


NOTE: Leads in true 
position within 0.01“ 
(0.25mm) R at MMC 
at seating plane. 


P Package — 8-Pln Plastic DIP 




INCHES 


DIM 

MIN 

MAX 

MIN 

MAX | 

A 

EEE3 

BMW 

EEII 

E2J 

mm 

nsn 

Ei 

ESI 

mtm 


BMHi 

WMB 

1SKEB 

ESI 

an 

.045 

.065 

1.14 

1.65 

c 

in 


IEI 

Hflill 

D'" 

.370 

.400 

9.40 

10.16 

E 

.300 

.325 

7.62 

8.26 

Ei 

.240 

.260 

6.10 

6.60 

et 

.100 BASIC 

2.54 BASIC 

eA 

.300 BASIC 

7.62 BASIC 

L 

.125 

.150 

3.18 1 3.81 


iBH 



■22K 





■BBl 

El 

E9 


■iwa 



mm 

HEW 

mm 

ui 

ma 



I£U1 

mm 

MSM 


lEM 

WET 


mum 





(1) Not JEDECStd. 

(2) ei and e A applies in zone L, when 
unit installed. 

NOTE: Leads in true position within 
0.01" (0.25mm) R at MMC at seating 
plane. 


U Package — 8-Pin SOIC 



1— M| 

rail 


■I 






hush 

mmiai 

Ena 

HiM 

HMWI 


WlfVW 



TM 

WlfM 

*i<il 

mm 

■FW 

BRiTM 

Ei 

mxim 


MuM 


ESI 

iif 

KSH 

KMj)B 

MM 

pi 

Ef£| 

■m 

TiMjW 




EH 

jjiim 

HUH 

BoKI:B 

HEI 

EH 

mB3Mm 


EH 



BUEM 

ES9 

'm 

ETTiTM 

j!MI 


MilcM! 

'HH 

BEEM 



W#M 

'MM 

EH 

mm 

EH 

■EH 

'EH 

EX9 

- ffM’ 

EiTTHE 

Wile MB 


NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. 
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TYPICAL PERFORMANCE CURVES 


At V cc = ±5VDC, R l = 100Q, and T A = +25°C unless otherwise noted. 



Frequency (Hz) 


Frequency (Hz) 


A v = +5V/V CLOSED-LOOP 


A v = +1 OV/V CLOSED-LOOP 



10M 100M 

Frequency (Hz) 



10M 100M 

Frequency (Hz) 


0 

-45 

-90 

-135 

-180 


A v = +2V/V CLOSED-LOOP BANDWIDTH 
vs OUTPUT VOLTAGE SWING 



A v = +5V/V CLOSED-LOOP BANDWIDTH 
vs OUTPUT VOLTAGE SWING 













1 

1 

5 

0 

r 

a 




































\ 







_ 
























\ 

































\ 






1 




H 











! 












_ 



Ik 10k 100k 1M 10M 100M 1G 


Frequency (Hz) 


Frequency (Hz) 
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TYPICAL PERFORMANCE CURVES (CONT) 

At V cc = ±5VDC, R l = 1 00Q, and T A = +25°C unless otherwise noted. 


A v = +10V/V CLOSED-LOOP BANDWIDTH 



Ik 10k 100k 1M 10M 100M 1G 


Frequency (Hz) 



100 Ik 10k 100k 1M 10M 100M 

Frequency (Hz) 



Frequency (Hz) 


VOLTAGE AND CURRENT NOISE SPECTRAL DENSITY 
vs TEMPERATURE 



-75 -50 -25 0 +25 +50 +75 +100 +125 

Ambient Temperature (°C) 


CM 

<0 

2 

O 


2 


m 

Ml 


a 

£ 

< 


0 

1 

in 

a 

o 



0 1 2 3 4 5 6 

Time From Power Turn-On (min) 


INPUT OFFSET VOLTAGE CHANGE 
DUE TO THERMAL SHOCK 



r 





II! SG 

T a =2_5° 

C to T a = 

125°C 


r " 


™ Y!. ...... 11 . 


rf -u 1 . .. • 

K and L Grades 





;'A - " 

i Air Env 

ronment 






VJ 





| 





0 +1 +2 +3 +4 

Time From Thermal Shock (min) 
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Common-Mode Rejection (dB) Common-Mode Rejection (dB) Bias Current (pA) 
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TYPICAL PERFORMANCE CURVES (CONT) 

At V cc = ±5VDC, R l = 100Q, and T A = +25°C unless otherwise noted. 


BIAS AND OFFSET CURRENT 
vs INPUT COMMON-MODE VOLTAGE 



-4-3-2-10+1 +2 +3 +4 

Common-Mode Voltage (V) 


BIAS AND OFFSET CURRENT 
vs TEMPERATURE 



-75 -50 -25 0 +25 +50 +75 +100 +125 

Ambient Temperature (°C) 


COMMON-MODE REJECTION vs FREQUENCY 



Frequency (Hz) 


POWER SUPPLY REJECTION vs FREQUENCY 



Frequency (Hz) 


COMMON-MODE REJECTION 


vs INPUT COMMON-MODE VOLTAGE SUPPLY CURRENT vs TEMPERATURE 



-5 -4 -3 -2 -1 0 +1 +2 +3 +4 +5 -75 -50 -25 0 +25 +50 +75 +100 +125 


Common-Mode Voltage (V) Ambient Temperature (°C) 
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Offset Current (pA) 








Output Voltage (mV) 
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TYPICAL PERFORMANCE CURVES (CONT) 

At V cc = ±5VDC, R l = lOOfl, and T A = +25°C unless otherwise noted. 


SMALL-SIGNAL TRANSIENT RESPONSE Lj\RGE-SIGNAL TRANSIENT RESPONSE 



0 25 50 0 100 200 

Time (ns) Time (ns) 


SETTLING TIME vs CLOSED-LOOP GAIN 



Closed-Loop Gain (V/V) 
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TYPICAL PERFORMANCE CURVES (CONT) 

At V cc = ±5VDC, R l = 100Q, and T A = +25°C unless otherwise noted. 


NTSC DIFFERENTIAL GAIN vs CLOSED-LOOP GAIN 



1 23456 789 10 

Closed-Loop Gain (V/V) 


NTSC DIFFERENTIAL PHASE vs CLOSED-LOOP GAIN 



1 23456 789 10 


Closed-Loop Gain (V/V) 


SMALL-SIGNAL 



100k 1M 10M 100M 


LARGE-SIGNAL 



100k 1M 10M 100M 


Frequency (Hz) 


Frequency (Hz) 


1MHz HARMONIC DISTORTION 
vs POWER OUTPUT 

-40 
-50 
-60 
-70 
-80 
-90 
-100 

-20 -15 -10 -5 0 +5 +10 +15 



Power Output (dBm) 


10MHz HARMONIC DISTORTION 



-15 -10 -5 0 +5 +10 +15 

Power Output (dBm) 
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APPLICATIONS INFORMATION 

DISCUSSION OF PERFORMANCE 

The OPA621 provides a level of speed and precision not 
previously attainable in monolithic form. Unlike current 
feedback amplifiers, the OPA621’s design uses a “Classi- 
cal” operational amplifier architecture and can therefore be 
used in all traditional operational amplifier applications. 
While it is true that current feedback amplifiers can provide 
wider bandwidth at higher gains, they offer many disadvan- 
tages. The asymmetrical input characteristics of current 
feedback amplifiers (i.e. one input is a low impedance) 
prevents them from being used in a variety of applications. 

In addition, unbalanced inputs make input bias current errors 
difficult to correct. Bias current cancellation through match- 
ing of inverting and non-inverting input resistors is impos- 
sible because the input bias currents are uncorrelated. Cur- 
rent noise is also asymmetrical and is usually significantly 
higher on the inverting input. Perhaps most important, set- 
tling time to 0.01% is often extremely poor due to internal 
design tradeoffs. Many current feedback designs exhibit 
settling times to 0.01% in excess of 10 microseconds even 
though 0.1% settling times are reasonable. Such amplifiers 
are completely inadequate for fast settling 12-bit applica- 
tions. 

The OPA621’s “Classical” operational amplifier architec- 
ture employs true differential and fully symmetrical inputs 
to eliminate these troublesome problems. All traditional 
circuit configurations and op amp theory apply to the 
OPA621. The use of low-drift thin-film resistors allows 
internal operating currents to be laser-trimmed at wafer- 
level to optimize AC performance such as bandwidth and 
settling time, as well as DC parameters such as input offset 
voltage and drift. The result is a wideband, high-frequency 
monolithic operational amplifier with a gain-bandwidth 
product of 500MHz, a 0.01% settling time of 25ns, and an 
input offset voltage of 100|LiV. 

WIRING PRECAUTIONS 

Maximizing the OPA621’s capability requires some wiring 
precautions and high-frequency layout techniques. Oscilla- 
tion, ringing, poor bandwidth and settling, gain peaking, and 
instability are typical problems plaguing all high-speed 
amplifiers when they are improperly used. In general, all 
printed circuit board conductors should be wide to provide 
low resistance, low impedance signal paths. They should 
also be as short as possible: The entire physical circuit 
should be as small as practical. Stray capacitances should be 
minimized, especially at high impedance nodes, such as the 
amplifier’s input terminals. Stray signal coupling from the 
output or power supplies to the inputs should be minimized. 
All circuit element leads should be no longer than 1/4 inch 
(6mm) to minimize lead inductance, and low values of 
resistance should be used. This will minimize time constants 
formed with the circuit capacitances and will eliminate 
stray, parasitic circuits. 

Grounding is the most important application consideration 
for the OPA62 1 , as it is with all high-frequency circuits. Os- 
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dilations at frequencies of 500MHz and above can easily 
occur if good grounding techniques are not used. A heavy 
ground plane (2oz copper recommended) should connect all 
unused areas on the component side. Good ground planes 
can reduce stray signal pickup, provide a low resistance, low 
inductance common return path for signal and power, and 
can conduct heat from active circuit package pins into 
ambient air by convection. 

Supply bypassing is extremely critical and must always be 
used, especially when driving high current loads. Both 
power supply leads should be bypassed to ground as close as 
possible to the amplifier pins. Tantalum capacitors (lpF to 
10|iF) with very short leads are recommended. Although not 
required, a parallel 0.0 IpP ceramic may be added if desired. 
Surface mount bypass capacitors will produce excellent 
results due to their low lead inductance. Additionally, sup- 
pression filters can be used to isolate noisy supply lines. 
Properly bypassed and modulation-free power supply lines 
allow full amplifier output and optimum settling time per- 
formance. 

Points to Remember 

1) Don’t use point-to-point wiring as the increase in wiring 
inductance will be detrimental to AC performance. How- 
ever, if it must be used, very short, direct signal paths are 
required. The input signal ground return, the load ground 
return, and the power supply common should all be con- 
nected to the same physical point to eliminate ground loops, 
which can cause unwanted feedback. 

2) Good component selection is essential. Capacitors used in 
critical locations should be a low inductance type with a high 
quality dielectric material. Likewise, diodes used in critical 
locations should be Schottky barrier types, such as HP5082- 
2835 for fast recovery and minimum charge storage. Ordi- 
nary diodes will not be suitable in RF circuits. 

3) Whenever possible, solder the OPA621 directly into the 
PC board without using a socket. Sockets add parasitic ca- 
pacitance and inductance, which can seriously degrade AC 
performance or produce oscillations. If sockets must be 
used, consider using zero-profile solderless sockets such as 
Augat part number 81 34-HC-5P2. Alternately, Teflon® stand- 
offs located close to the amplifier’s pins can be used to 
mount feedback components. 

4) Resistors used in feedback networks should have values 
of a few hundred ohms for best performance. Shunt capaci- 
tance problems limit the acceptable resistance range to about 
lld2 on the high end and to a value that is within the 
amplifier’s output drive limits on the low end. Metal film 
and carbon resistors will be satisfactory, but wirewound 
resistors (even “non-inductive” types) are absolutely unac- 
ceptable in high-frequency circuits. 

5) Surface mount components (chip resistors, capacitors, 
etc) have low lead inductance and are therefore strongly rec- 
ommended. Circuits using all surface mount components 
with the OPA621KU (SOIC package) will offer the best AC 
performance. The parasitic package inductance and capaci- 

Tcflon* E. J. Du Pont dc Nemours & Co. 
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tance for the SOIC is lower than the both the Cerdip and 8- 
lead Plastic DIP. 

6) Avoid overloading the output. Remember that output 
current must be provided by the amplifier to drive its own 
feedback network as well as to drive its load. Lowest distor- 
tion is achieved with high impedance loads. 

7) Don’t forget that these amplifiers use ±5V supplies. Al- 
lhough they will operate perfectly well with +5V and -5.2V, 
use of ±15V supplies will destroy the part. 

8) Standard commercial test equipment has not been de- 
signed to test devices in the OPA621’s speed range. Bench- 
top op amp testers and ATE systems will require a special 
test head to successfully test these amplifiers. 

9) Terminate transmission line loads. Unterminated lines, 
such as coaxial cable, can appear to the amplifier to be a 
capacitive or inductive load. By terminating a transmission 
line with its characteristic impedance, the amplifier’s load 
then appears purely resistive. 

10) Plug-in prototype boards and wire-wrap boards will not 
be satisfactory. A clean layout using RF techniques is 
essential; there are no shortcuts. 


OFFSET VOLTAGE ADJUSTMENT 

The OPA621’s input offset voltage is laser-trimmed and will 
require no further adjustment for most applications. How- 
ever, if additional adjustment is needed, the circuit in Figure 
1 can be used without degrading offset drift with tempera- 
ture. Avoid external adjustment whenever possible since ex- 
traneous noise, such as power supply noise, can be inadver- 
tently coupled into the amplifier’s inverting input terminal. 
Remember that additional offset errors can be created by the 
amplifier’s input bias currents. Whenever possible, match 
the impedance seen by both inputs as is shown with R3. This 
will reduce input bias current errors to the amplifier’s offset 
current, which is typically only 0.2pA. 



FIGURE 1. Offset Voltage Trim. 


INPUT PROTECTION 

Static damage has been well recognized for MOSFET de- 
vices, but any semiconductor device deserves protection 
from this potentially damaging source. The OPA621 incor- 
porates on-chip ESD protection diodes as shown in Figure 2. 
This eliminates the need for the user to add external protec- 
tion diodes, which can add capacitance and degrade AC per- 
formance. 


ESD Protection diodes internally 
connected to all pins. 


Internal 

Circuitry 


FIGURE 2. Internal ESD Protection. 

All pins on the OPA621 are internally protected from ESD 
by means of a pair of back-to-back reverse-biased diodes to 
either power supply as shown. These diodes will begin to 
conduct when the input voltage exceeds either power sup- 
ply by about 0.7V. This situation can occur with loss of the 
amplifier’s power supplies while a signal source is still 
present. The diodes can typically withstand a continuous 
current of 30mA without destruction. To insure long term 
reliability, however, diode current should be externally lim- 
ited to 10mA or so whenever possible. 

The internal protection diodes are designed to withstand 
2.5kV (using Human Body Model) and will provide ade- 
quate ESD protection for most normal handling procedures. 
However, static damage can cause subtle changes in ampli- 
fier input characteristics without necessarily destroying the 
device. In precision operational amplifiers, this may cause 
a noticeable degradation of offset voltage and drift. There- 
fore, static protection is strongly recommended when han- 
dling the OP A621. 

OUTPUT DRIVE CAPABILITY 

The OPA621’s design uses large output devices and has 
been optimized to drive 50Q and 75Q resistive loads. The 
device can easily drive 6Vp-p into a 50Q load. This high- 
output drive capability makes the OPA621 an ideal choice 
for a wide range of RF, IF, and video applications. In many 
cases, additional buffer amplifiers are unneeded. 

Internal current-limiting circuitry limits output current to 
about 1 50mA at 25°C. This prevents destruction from acci- 
dental shorts to common and eliminates the need for exter- 
nal current-limiting circuitry. Although the device can 
withstand momentary shorts to either power supply, it is not 
recommended. 

Many demanding high-speed applications such as ADC/ 
DAC buffers require op amps with low wideband output 
impedance. For example, low output impedance is essential 
when driving the signal-dependent capacitances at the in- 
puts of flash A/D converters. As shown in Figure 3, the 


External q_ 
Pin 
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FIGURE 3. Small-Signal Output Impedance vs Frequency. 

OPA621 maintains very low closed-loop output impedance 
over frequency. Closed-loop output impedance increases 
with frequency since loop gain is decreasing with frequency. 

THERMAL CONSIDERATIONS 

The OPA621 does not require a heat sink for operation in 
most environments. The use of a heat sink, however, will 


the short-circuit condition represents the maximum amount 
of internal power dissipation that can be generated. Thus, the 
“Maximum Power Dissipation” curve starts at 1W and is 
derated based on a 175°C maximum junction temperature 



FIGURE 5. Short-Circuit Current vs Temperature. 


and the junction-to-ambient thermal resistance, 0 JA , of each 
package. The variation of short-circuit current with tempera- 
ture is shown in Figure 5. 



FIGURE 4. Maximum Power Dissipation. 


reduce the internal thermal rise and will result in cooler, 
more reliable operation. At extreme temperatures and under 
full load conditions a heat sink is necessary. See “Maximum 
Power Dissipation” curve, Figure 4. 

The internal power dissipation is given by the equation P D = 
P DQ + P DL , where P DQ is the quiescent power dissipation and 
P DL is the power dissipation in the output stage due to the 
load. (For ±V CC = ±5V, P DQ = 10V X 28mA = 280mW, max). 
For the case where the amplifier is driving a grounded load 
(R l ) with a DC voltage (±V 0UT ) the maximum value of P DL 
occurs at ±V 0(JT = ±V cc /2, and is equal to P DL , max = 
(±V cc ) 2 /4R l . Note that it is the voltage across the output 
transistor, and not the load, that determines the power dissi- 
pated in the output stage. 

When the output is shorted to common P DL = 5V X 150mA 
= 750mW. Thus, P D = 280mW + 750mW = 1W. Note that 


CAPACITIVE LOADS 

The OPA621’s output stage has been optimized to drive 
resistive loads as low as 50D. Capacitive loads, however, 
will decrease the amplifier’s phase margin which may cause 
high frequency peaking or oscillations. Capacitive loads 
greater than 15pF should be buffered by connecting a small 
resistance, usually 5Q to 25Q, in series with the output as 
shown in Figure 6. This is particularly important when 
driving high capacitance loads such as flash A/D converters. 



FIGURE 6. Driving Capacitive Loads. 


In general, capacitive loads should be minimized for opti- 
mum high frequency performance. Coax lines can be driven 
if the cable is properly terminated. The capacitance of coax 
cable (29pF/foot for RG-58) will not load the amplifier 
when the coaxial cable or transmission line is terminated in 
its characteristic impedance. 


<o 


o 
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COMPENSATION 

The OPA621 is stable in inverting gains of >-2V/V and in 
non-inverting gains >+2V/V. Phase margin for both con- 
figurations is approximately 50°. Inverting and non-invert- 
ing gains of unity should be avoided. The minimum stable 
gains of +2V/V and -2V/V are the most demanding circuit 
configurations for loop stability and oscillations are most 
likely to occur in these gains. If possible, use the device in 
a noise gain greater than three to improve phase margin and 
reduce the susceptibility to oscillation. (Note that, from a 
stability standpoint, an inverting gain of -2V/V is equivalent 
to a noise gain of 3.) Gain and phase response for other gains 
are shown in the Typical Performance Curves. 

The high-frequency response of the OPA621 in a good 
layout is flat with frequency for higher-gain circuits. How- 
ever, low-gain circuits and configurations where large feed- 
back resistances are used, can produce high-frequency gain 
peaking. This peaking can be minimized by connecting a 
small capacitor in parallel with the feedback resistor. This 
capacitor compensates for the closed-loop, high frequency, 
transfer function zero that results from the time constant 
formed by the input capacitance of the amplifier (typically 
2pF after PC board mounting), and the input and feedback 
resistors. The selected compensation capacitor may be a 
trimmer, a fixed capacitor, or a planned PC board capaci- 
tance. The capacitance value is strongly dependent on circuit 
layout and closed-loop gain. Using small resistor values will 
preserve the phase margin and avoid peaking by keeping the 
break frequency of this zero sufficiently high. When high 
closed-loop gains are required, a three-resistor attenuator 
(tee network) is recommended to avoid using large value 
resistors with large time constants. 

SETTLING TIME 

Settling time is defined as the total time required, from the 
input signal step, for the output to settle to within the 


specified error band around the final value. This error band 
is expressed as a percentage of the value of the output 
transition, a 2V step. Thus, settling time to 0.01% requires 
an error band of ±200 jiV centered around the final value of 
2V. 

Settling time, specified in an inverting gain of two, occurs in 
only 25ns to 0.01% for a 2V step, making the OPA621 one 
of the fastest settling monolithic amplifiers commercially 
available. Settling time increases with closed-loop gain and 
output voltage change as described in the Typical Perform- 
ance Curves. Preserving settling time requires critical atten- 
tion to the details as mentioned under “Wiring Precautions.” 
The amplifier also recovers quickly from input overloads. 
Overload recovery time to linear operation from a 50% 
overload is typically only 30ns. 

In practice, settling time measurements on the OPA621 
prove to be very difficult to perform. Accurate measurement 
is next to impossible in all but the very best equipped labs. 
Among other things, a fast flat-top generator and high speed 
oscilloscope are needed. Unfortunately, fast flat-top genera- 
tors, which settle to 0.01% in sufficient time, are scarce and 
expensive. Fast oscilloscopes, however, are more commonly 
available. For best results a sampling oscilloscope is recom- 
mended. Sampling scopes typically have bandwidths that 
are greater than 1GHz and very low capacitance inputs. 
They also exhibit faster settling times in response to signals 
that would tend to overload a real-time oscilloscope. 

Figure 7 shows the test circuit used to measure settling time 
for the OPA621. This approach uses a 16-bit sampling oscil- 
loscope to monitor the input and output pulses. These wave- 
forms are captured by the sampling scope, averaged, and 
then subtracted from each other in software to produce the 
error signal. This technique eliminates the need for the 
traditional “false-summing junction,” which adds extra para- 
sitic capacitance. Note that instead of an additional flat-top 
generator, this technique uses the scope’s built-in calibration 
source as the input signal. 


0 to +2V.f= 1.25MHz 


SL 



100Q 


-m- 


NOTE: Test fixture built using all surface-mount components. Ground 
plane used on component side and entire fixture enclosed in metal case. 
Both power supplies bypassed with 10pF Tantalum || O.OlpF ceramic 
capacitors. It is directly connected (without cable) to TIME CAL trigger 
source on Sampling Scope (Data Precision's Data 61 00 with Model 640- 
1 plug-in). Input monitored with Active Probe (Channel 1). 


IpF to 4pF (Adjust for Optimum Settling) 
1 



0 to -2V 



To Active Probe (Channel 2) 
on sampling scope. 


FIGURE 7. Settling Time Test Circuit. 
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DIFFERENTIAL GAIN AND PHASE 

Differential Gain (DG) and Differential Phase (DP) are 
among the more important specifications for video applica- 
tions. DG is defined as the percent change in closed-loop 
gain over a specified change in output voltage level. DP is 
defined as the change in degrees of the closed-loop phase 
over the same output voltage change. Both DG and DP are 
specified at the NTSC sub-carrier frequency of 3.58MHz. 
DG and DP increase with closed-loop gain and output 
voltage transition as shown in the Typical Performance 
Curves. All measurements were performed using a Tektronix 
model VM700 Video Measurement Set. 


DISTORTION 

The OPA621’s Harmonic Distortion characteristics into a 
500 load are shown vs frequency and power output in the 
Typical Performance Curves. Distortion can be further im- 
proved by increasing the load resistance as illustrated in Fig- 
ure 8. Remember to include the contribution of the feedback 
resistance when calculating the effective load resistance 
seen by the amplifier. 



FIGURE 8. 1 OMHz Harmonic Distortion vs Load Resistance. 


Two-tone, third-order intermodulation distortion (IM) is an 
important parameter for many RF amplifier applications. 
Figure 9 shows the OPA621’s two-tone, third-order IM 
intercept vs frequency. For these measurements, tones were 
spaced 1MHz apart. This curve is particularly useful for 
determining the magnitude of the third-order IM products as 
a function of frequency, load resistance, and gain. For ex- 
ample, assume that the application requires the OPA621 to 
operate in a gain of +2V/V and drive 2Vp-p into 500 at a 
frequency of 10MHz. Referring to Figure 9 we find that the 
intercept point is +47dBm. The magnitude of the third-order 
IM products can now be easily calculated from the expres- 
sion: 

Third IMD = 2(OPI 3 P - P 0 ) 

where OPI 3 P = third-order output intercept, dBm 
P 0 = output level/tone, dBm/tone 
Third IMD = third-order intermodulation ratio 
below each output tone, dB 


For this case OPI 3 P = 47dBm, P 0 = lOdBm, and the third- 
order IMD = 2(47 - 10) = 74dB below either lOdBm tone. 
The OPA621’s low IMD makes the device an excellent 
choice for a variety of RF signal processing applications. 



0 10 20 30 40 50 60 70 80 90 100 

Frequency (MHz) 


FIGURE 9. 2-Tone, 3rd Order Intermodulation Intercept vs 
Frequency. 

NOISE FIGURE 

The OPA621’s voltage and current noise spectral densities 
are specified in the Typical Performance Curves. For RF ap- 
plications, however, Noise Figure (NF) is often the preferred 
noise specification since it allows system noise performance 
to be more easily calculated. The OPA621 ’s Noise Figure vs 
Source Resistance is shown in Figure 10. 



10 100 Ik 10k 100k 

Source Resistance (£i) 


FIGURE 10. Noise Figure vs Source Resistance. 

SPICE MODELS 

Computer simulation using SPICE is often useful when ana- 
lyzing the performance of analog circuits and systems. This 
is particularly true for Video and RF amplifier circuits where 
parasitic capacitance and inductance can have a major effect 
on circuit performance. SPICE models using MicroSim 
Corporation’s PSpice are available for the OP A621. Request 
Burr-Brown Application Note AN- 167. 
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RELIABILITY DATA 

Extensive reliability testing has been performed on the 
OPA621. Accelerated life testing (2000 hours) at maximum 
operating temperature was used to calculate MTTF at an 
ambient temperature of 25°C. These test results yield MTTF 
of: Cerdip package =1.3 1E+9 Hours, Plastic DIP = 5.02E+7 
Hours, and SOIC = 2.94E+7 Hours. Additional tests such as 
PCT have also been performed. Reliability reports are avail- 
able upon request for each of the package options offered. 

APPLICATIONS 


DEMONSTRATION BOARDS 

Demonstration boards to speed prototyping are available. 
Request DEMI 135 for 8-Pin DIP, and DEMI 136 for SOIC 
package. 




FIGURE 12. High-Q 1MHz Bandpass Filter 



FIGURE 13. Low Noise, Wideband FET Input Op Amp. 
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Differential 

Input 



Bandwidth, -3dB = 400MHz 
Slew Rate = lOOOV/ps 


Differential 

Output 


FIGURE 14. Differential Line Driver for 50Q or 75Q Systems. 



FIGURE 15. Wideband, Fast-Settling Instrumentation Amplifier. 



FIGURE 16. Unity Gain Difference Amplifier. 



FIGURE 17. Differential Input Buffer Amplifier (G= -2 V/V). 
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BURR-BROWN® 


/ 



OPA627 

OPA637 


Precision High-Speed 
Difet ® OPERATIONAL AMPLIFIERS 


FEATURES 

• VERY LOW NOISE: 4.5nV/VHz at 10kHz 

• FAST SETTLING TIME: 

OPA627 — 550ns to 0.01% 

OPA637— 450ns to 0.01% 

• LOW V os : lOO^V max 

• LOW DRIFT: 0.8jiV/°C max 

• LOW l B : 5pA max 

• OPA627: Unity-Gain Stable 

• OPA637: STABLE IN GAIN >5 

DESCRIPTION 

The OPA627 and OPA637 Difet operational amplifi- 
ers provide a new level of performance in a precision 
FET op amp. When compared to the popular OPA1 1 1 
op amp, the OPA627/637 has lower noise, lower offset 
voltage, and much higher speed. It is useful in a broad 
range of precision and high speed analog circuitry. 

The OPA627/637 is fabricated on a high-speed, die- 
lectrically-isolated complementary NPN/PNP proc- 
ess. It operates over a wide range of power supply 
voltage — ±4.5 V to ±18V. Laser-trimmed Difet input 
circuitry provides high accuracy and low-noise per- 
formance comparable with the best bipolar-input op 

amps. r • — I £ 

Trim > A\ I % T . 


APPLICATIONS 

• PRECISION INSTRUMENTATION 

• FAST DATA ACQUISITION 

• DAC OUTPUT AMPLIFIER 

• OPTOELECTRONICS 

• SONAR, ULTRASOUND 

• HIGH-IMPEDANCE SENSOR AMPS 

• HIGH-PERFORMANCE AUDIO CIRCUITRY 

• ACTIVE FILTERS 


High frequency complementary transistors allow 
increased circuit bandwidth, attaining dynamic per- 
formance not possible with previous precision FET op 
amps. The OPA627 is unity-gain stable. The OPA637 
is stable in gains equal to or greater than five. 

Difet fabrication achieves extremely low input bias 
currents without compromising input voltage noise 
performance. Low input bias current is maintained 
over a wide input common-mode voltage range with 
unique cascode circuitry. 

The OPA627/637 is available in plastic DIP, SOIC 
and metal TO-99 packages. Industrial and military 
temperature range models are available. 


International Airport Industrial Park • Mailing Address: P0 Box 1 1 400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602)746*1111 • Twx: 910-952-1111 • Cable: BBRC0RP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800) 548-6132 


Burr-Brown IC Data Book Supplement , Vol. 33b 



Or, Call Customer Service at 1-800-548-6132 (USA Only) 
SPECIFICATIONS 


ELECTRICAL 

T a = +25°C, V s = ±1 5 V unless otherwise noted. 




OPA627BM/BP/SM 





OPA637BM/BP/SM 



PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 




UNITS 

OFFSET VOLTAGE »’> 

Input Offset Voltage 



40 

100 


130 

250 

pV 

AP, BP. AU Grades 



100 

250 


280 

500 

pV 

Average Drift 



0.4 

0.8 


1.2 

2 

pV/°C 

AP. BP. AU Grades 



0.8 

2 


2.5 


pV/°C 

Power Supply Rejection 

V s = ±4.5 to ±18V 

106 

120 


100 

116 


dB 

INPUT BIAS CURRENT » 

Input Bias Current 

v CM = ov 


1 

5 


2 

10 

pA 

Over Specified Temperature 

V C m - 0V 



1 



2 

nA 

SM Grade 

v CM = ov 



50 




nA 

Over Common-Mode Voltage 

V CM = ±10V 


1 



2 


pA 

Input Offset Current 

V CM - 0V 


0.5 

5 


1 

10 

pA 

Over Specified Temperature 

V CM = 0V 



1 



2 

nA 

SM Grade 



50 




nA 

NOISE 

Input Voltage Noise 








nV/VHz 

Noise Density: f = 10Hz 



15 

40 


20 


f = 100Hz 



8 

20 


10 


nV/VHz 

f- 1kHz 



5.2 

8 


5.6 


nV/VHz 

f = 10kHz 



4.5 

6 


4.8 


nV/VHz 

Voltage Noise. BW = 0.1 to 10Hz 

Input Bias Current Noise 



0.6 

1.6 


0.8 


pVp-p 

Noise Density, f = 1kHz 



1.6 

2.5 


2.5 


fA/VHz 

Current Noise, BW = 0.1 to 10Hz 



30 

60 


48 


fAp-p 

INPUT IMPEDANCE 

Differential 



10’ 3 || 8 




II 

Q|| pF 

Common-Mode 



10’ 3 1| 7 



• 


Q|| pF 

INPUT VOLTAGE RANGE 

Common-Mode Input Range 


±11 

±11.5 





V 

Over Specified Temperature 


±10.5 

±11 


* 

* 


V 

Common-Mode Rejection 

V CM = ±10.5V 

106 

116 


100 

110 


dB 

OPEN-LOOP GAIN 

Open-Loop Voltage Gain 

V Q = ±10V, R u = IkG 

112 

120 


106 

116 

m 

dB 

Over Specified Temperature 

V o = ±10V, R u = IkO 

106 

117 


100 

110 


dB 

SM Grade 

V Q = ±10V, R l - IkO 

100 

114 




1 

dB 

FREQUENCY RESPONSE 

Slew Rate: OPA627 

G = -1, 10V Step 

40 

55 


* 

. 

■ 

V/ps 

OPA637 

G = -4, 10V Step 

100 

135 


* 

* 


V/ps 

Settling Time: OPA627 0.01% 

G = — 1, 10V Step 


550 



* 


ns 

0.1% 

G = -1, 10V Step 


450 



* 

■ 

ns 

OPA637 0.01% 

G = -4, 10V Step 


450 



* 

H 

ns 

0.1% 

G = -4, 10V Step 


300 



* 

H 

ns 

Gain-Bandwidth Product: OPA627 

G = 1 


16 



* 

■ ■ 

MHz 

OPA637 

G = 10 


80 



* 

■ 

MHz 

Total Harmonic Distortion + Noise 

G = +1, f = 1kHz 


0.00003 



* 

■ 

% 

POWER SUPPLY 

Specified Operating Voltage 



±15 



. 

i 

V 

Operating Voltage Range 


±4.5 


±18 

* 



V 

Current 



±7 

±7.5 


* 


mA 

OUTPUT 

Voltage Output 

R l = IkQ 

±11.5 

±12.3 


* 

* 



Over Specified Temperature 


±11 

±11.5 


* 

* 


V 

Current Output 

V 0 = ±10V 


±45 



* 


mA 

Short Circuit Current 


±35 

+70/— 55 

±100 

* 

* 

* 

mA 

Output Impedance, Open-Loop 

1MHz 


55 



* 


n 

TEMPERATURE RANGE 

Specification: AP, BP. AM, BM, AU 


-25 


+85 

. 


* 

°c 

SM 


-55 


+125 




°c 

Storage: AM, BM, SM 


-60 


+150 

* 


* 

°c 

AP, BP, AU 


-40 


+125 

* 


* 

°c 

0 JA : AM, BM, SM 



200 



* 


°c/w 

AP, BP, AU 



100 



* 


°c/w 


* Specifications same as OPA627B grade. 

NOTES: (1) Offset voltage measured fully warmed-up. (2) High-speed test at T, = 25°C. See Typical Performance Curves for warmed-up performance. 
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MECHANICAL 



P Package — 8-Pln Plastic DIP 




U Package — 8-Pln SOIC 



Si c 

□JLt_ N t ^ t 



I IKMM iE IEMlfcrtM dukiik I 


NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. 
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PIN CONFIGURATIONS 


Top View 


DIP 



SOIC 




Offset Trim | 1 


8 | No Internal Connection 

- |n [T 

— 


H +v s 

-fin 

— 


~6~~] Output 

-V s \T 

— 


5 | Offset Trim 


ORDERING INFORMATION 




TEMPERATURE 

MODEL 

PACKAGE 

RANGE 

OPA627AP 

Plastic DIP 

-25°C to +85°C 

OPA627BP 

Plastic DIP 

— 25°C to +85°C 

OPA627AU 

SOIC 

— 25°C to +85°C 

OPA627AM 

TO-99 Metal 

— 25°C to +85°C 

OPA627BM 

TO-99 Metal 

-25°C to +85°C 

OPA627SM 

TO-99 Metal 

-55°C to +125°C 

OPA637AP 

Plastic DIP 

-25°C to +85°C 

OPA637BP 

Plastic DIP 

-25°C to +85°C 

OPA637AU 

SOIC 

— 25°C to +85°C 

OPA637AM 

TO-99 Metal 

-25°C to +85°C 

OPA637BM 

TO-99 Metal 

-25°C to +85°C 

OPA637SM 

TO-99 Metal 

-55°C to +125°C 


Top View TO-99 


Case 



ABSOLUTE MAXIMUM RATINGS 


Supply Voltage ±18V 

Input Voltage Range +V S + 2V to -V s - 2V 

Differential Input Range Total V 3 + 4V 

Power Dissipation lOOOmW 

Operating Temperature 

M Package -65°C to +150°C 

P, U Package -40°C to +125°C 

Storage Temperature 

M Package -65°C to +150°C 

P, U Package -40°C to +125°C 

Junction Temperature 

M Package +175°C 

P, U Package +125°C 

Lead Temperature (soldering, 10s) +300°C 


TYPICAL PERFORMANCE CURVES 

T a = +25°C, V s = ±15V unless otherwise noted. 




10 

100 Ik 10k 100k 

1M 

10M 

1 10 

100 Ik 10k 


Frequency (Hz) 




Bandwidth (Hz) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C, V s = ±1 5 V unless otherwise noted. 




100 Ik 10k 100k 1M 10M 100M 1 10 100 Ik 10k 100k 1M 10M 100M 

Source Resistance (fl) Frequency (Hz) 




-75 -50 -25 0 25 50 75 100 125 

Temperature (°C) 


OPEN-LOOP OUTPUT IMPEDANCE vs FREQUENCY 



2 20 200 2k 20k 200k 2M 20M 


Frequency (Hz) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C, V s = ±1 5V unless otherwise noted. 



1 10 100 Ik 10k 100k 1M 10M 

Frequency (Hz) 


COMMON-MODE REJECTION vs 
INPUT COMMON MODE VOLTAGE 



-15 -10 -5 0 5 10 15 

Common-Mode Voltage (V) 



1 10 100 Ik 10k 100k 1M 10M 


Frequency (Hz) 


POWER-SUPPLY REJECTION AND COMMON-MODE 
REJECTION vs TEMPERATURE 



-75 -50 -25 0 25 50 75 100 125 

Temperature (°C) 




-75 -50 -25 

0 25 50 

75 100 125 

-75 -50 -25 

0 25 50 75 100 125 


Temperature (°C) 



Temperature (°C) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C, V s = ±1 5V unless otherwise noted. 



Temperature (°C) 


Temperature (°C) 



20 100 Ik 10k 20k 

Frequency (Hz) 


OPA637 TOTAL HARMONIC DISTORTION + NOISE 



20 100 Ik 10k 20k 

Frequency (Hz) 



Junction Temperature (°C) 


INPUT BIAS CURRENT 



0 1 1 1 1 1 1 1 * * * * * * 1 

±4 ±6 ±8 ±10 ±12 ±14 ±16 ±18 

Supply Voltage (±V S ) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C, V s = ±15V unless otherwise noted. 


INPUT BIAS CURRENT vs COMMON-MODE VOLTAGE 
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Common-Mode Voltage (V) 



0 1 2 3 4 5 6 

Time From Power Turn-On (Min) 



100k 1M 10M 100M 



-1 -10 -100 -1000 


Frequency (Hz) 


Closed-Loop Gain (V/V) 



0.001 0.01 0.1 1 10 



0 150 200 300 400 500 


Error Band (%) 


Load Capacitance (pF) 
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APPLICATIONS INFORMATION 

The OPA627 is unity-gain stable. The OPA637 may be used 
to achieve higher speed and bandwidth in circuits with noise 
gain greater than five. Noise gain refers to the closed-loop 
gain of a circuit as if the non-inverting op amp input were 
being driven. For example, the OPA637 may be used in a 
non-inverting amplifier with gain greater than five, or an 
inverting amplifier of gain greater than four. 

When choosing between the 0PA627 or OPA637, it is 
important to consider the high frequency noise gain of your 
circuit configuration. Circuits with a feedback capacitor 
(Figure 1) place the op amp in unity noise-gain at high 
frequency. These applications must use the OPA627 for 
proper stability. An exception is the circuit in Figure 2, 
where a small feedback capacitance is used to compensate 
for the input capacitance at the op amp’s inverting input. In 
this case, the closed-loop noise gain remains constant with 
frequency, so if the closed-loop gain is equal to five or 
greater, the OPA637 may be used. 



FIGURE 1 . Circuits with Noise Gain Less than Five Require 
the OPA627 for Proper Stability. 


C 2 



FIGURE 2. Circuits with Noise Gain Equal to or Greater than 
Five May Use the OPA637. 


OFFSET VOLTAGE ADJUSTMENT 

The OPA627/637 is laser-trimmed for low offset voltage 
and drift, so many circuits will not require external adjust- 
ment. Figure 3 shows the optional connection of an external 
potentiometer to adjust offset voltage. This adjustment should 
not be used to compensate for offsets created elsewhere in a 
system (such as in later amplification stages or in an A/D 
converter) because this could introduce excessive tempera- 
ture drift. 



FIGURE 3. Optional Offset Voltage Trim Circuit. 


NOISE PERFORMANCE 

Some bipolar op amps may provide lower voltage noise 
performance, but both voltage noise and bias current noise 
contribute to the total noise of a system. The OPA627/637 
is unique in providing very low voltage noise and very low 
current noise. This provides optimum noise performance 
over a wide range of sources, including reactive source 
impedances. This can be seen in the performance curve 
showing the noise of a source resistor combined with the 
noise of an OPA627. Above a 2kQ source resistance, the op 
amp contributes little additional noise. Below lkH, op amp 
noise dominates over the resistor noise, but compares 
favorably with precision bipolar op amps. 

CIRCUIT LAYOUT 

As with any high speed, wide bandwidth circuit, careful 
layout will ensure best performance. Make short, direct 
interconnections and avoid stray wiring capacitance — 
especially at the input pins and feedback circuitry. 

The case connection (pin 8 of TO-99 metal package only) 
should be connected to an AC ground for lowest possible 
pickup of external fields. While DC ground would be the 
most likely choice, pin 8 could also be connected to either 
power supply. (The case is not internally connected to the 
negative power supply as it is with most common op amps.) 
For lowest possible input bias current, the case may be 
driven as a guard — see Input Bias Current section. Pin 8 of 
the plastic DIP and SOIC versions has no internal connec- 
tion. 

Power supply connections should be bypassed with good 
high frequency capacitors positioned close to the op amp 
pins. In most cases 0.1 pF ceramic capacitors are adequate. 
The OPA627/637 is capable of high output current (in 


2-82 


Burr-Brown IC Data Book Supplement, Vol. 33b 





Or, Call Customer Service at 

excess of 45mA). Applications with low impedance loads or 
capacitive loads with fast transient signals demand large 
currents from the power supplies. Larger bypass capacitors 
such as lpF solid tantalum capacitors may improve dynamic 
performance in these applications. 

INPUT BIAS CURRENT 

Difet fabrication of the OPA627/637 provides very low 
input bias current. Since the gate current of a FET doubles 
approximately every 10°C, to achieve lowest input bias 
current, the die temperature should be kept as low as pos- 
sible. The high speed and therefore higher quiescent current 
of the OPA627/637 can lead to higher chip temperature. A 
simple press-on heat sink such as the Burr-Brown model 
807HS (TO-99 metal package) can reduce chip temperature 
by approximately 15°C, lowering the I B to one-third its 
warmed-up value. The 807HS heat sink can also reduce low- 
frequency voltage noise caused by air currents and thermo- 
electric effects. See the data sheet on the 807HS for details. 
Temperature rise in the plastic DIP and SOIC packages can 
be minimized by soldering the device to the circuit board. 
Wide copper traces will also help dissipate heat. 

The OPA627/637 may also be operated at reduced power 
supply voltage to minimize power dissipation and tempera- 
ture rise. Using ±5V power supplies reduces power dissipa- 
tion to one-third of that at ±15V. This reduces the I B of TO- 
99 metal package devices to approximately one-fourth the 
value at ±15V. 

Leakage currents between printed circuit board traces can 
easily exceed the input bias current of the OPA627/637. A 
circuit board “guard” pattern (Figure 4) reduces leakage 
effects. By surrounding critical high impedance input cir- 
cuitry with a low impedance circuit connection at the same 
potential, leakage current will flow harmlessly to the low- 
impedance node. The case connection (TO-99 metal pack- 
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age only) may also be driven at guard potential to minimize 
any leakage which might occur from the input pins to the 
case. The case is not internally connected to -V $ . 

Input bias current may also be degraded by improper han- 
dling or cleaning. Contamination from handling parts and 
circuit boards may be removed with cleaning solvents and 
deionized water. Each rinsing operation should be followed 
by a 30-minute bake at 85°C. 

Many FET-input op amps exhibit large changes in input bias 
current with changes in input voltage. Input stage cascode 
circuitry makes the input bias current of the OPA627/637 
virtually constant with wide common-mode voltage changes. 
This is ideal for accurate high input-impedance buffer appli- 
cations. 

PHASE-REVERSAL PROTECTION 

The OPA627/637 has internal phase-reversal protection. 
Many FET-input op amps exhibit a phase reversal when the 
input is driven beyond its linear common-mode range. This 
is most often encountered in non-inverting circuits when the 
input is driven below -12V, causing the output to reverse 
into the positive rail. The input circuitry of the OPA627/637 
does not induce phase reversal with excessive common- 
mode voltage, so the output limits into the appropriate rail. 

OUTPUT OVERLOAD 

When the inputs to the OPA627/637 are overdriven, the 
output voltage of the OPA627/637 smoothly limits at ap- 
proximately 2.5V from the positive and negative power 
supplies. If driven to the negative swing limit, recovery 
takes approximately 500ns. When the output is driven into 
the positive limit, recovery takes approximately 6ps. Output 
recovery of the OPA627 can be improved using the output 
clamp circuit shown in Figure 5. Diodes at the inverting 
input prevent degradation of input bias current. 




Board Layout for Input Guarding: 

Guard top and bottom of board. 

Alternate — use Teflon® standoff for sensitive input pins. 

Teflon® E.l. du Pont de Nemours & Co. 



To Guard Drive 


NOTE: (1) Case connected to pin 8 on TO-99 package only— see text. 


FIGURE 4. Connection of Input Guard for Lowest I B . 
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CAPACITIVE LOADS 

As with any high-speed op amp, best dynamic performance 
can be achieved by minimizing the capacitive load. Since a 
load capacitance presents a decreasing impedance at higher 
frequency, a load capacitance which is easily driven by a 
slow op amp can cause a high-speed op amp to perform 
poorly. See the typical curves showing settling times as a 
function of capacitive load. The lower bandwidth of the 
OPA627 makes it the better choice for driving large capaci- 
tive loads. Figure 6 shows a circuit for driving very large 
load capacitance. This circuit’s two-pole response can also 
be used to sharply limit system bandwidth. This is often 
useful in reducing the noise of systems which do not require 
the full bandwidth of the OPA627. 


the input source can deliver current in excess of the maxi- 
mum forward current of the protection diodes, use a series 
resistor, R s , to limit the current. Be aware that adding resis- 
tance to the input will increase noise. The 4nV/VHz theo- 
retical thermal noise of a lkO resistor will add to the 4.5nV/ 
VHz noise of the OPA627/637 (by the square-root of the sum 
of the squares), producing a total noise of 6nV/VHz. Resis- 
tors below 100Q add negligible noise. 

Leakage current in the protection diodes can increase the 
total input bias current of the circuit. The specified maxi- 
mum leakage current for commonly used diodes such as the 
1N4148 is approximately 25nA — more than a thousand 
times larger than the input bias current of the OPA627/637. 
Leakage current of these diodes is typically much lower and 
may be adequate in many applications. Light falling on the 
junction of the protection diodes can dramatically increase 
leakage current, so common glass-packaged diodes should 
be shielded from ambient light. Very low leakage can be 
achieved by using a diode-connected FET as shown. The 
2N41 17A is specified at IpA and its metal case shields the 
junction from light. 

Sometimes input protection is required on I/V converters of 
inverting amplifiers (Figure 7b). Although in normal opera- 
tion, the voltage at the summing junction will be near zero 
(equal to the offset voltage of the amplifier), large input 
transients may cause this node to exceed 2V beyond the 
power supplies. In this case, the summing junction should be 
protected with diode clamps connected to ground. Even with 
the the low voltage present at the summing junction, com- 
mon signal diodes may have excessive leakage current. 
Since the reverse voltage on these diodes is clamped, a 
diode-connected signal transistor can be used as an inexpen- 
sive low leakage diode (Figure 7b). 


INPUT PROTECTION 

The inputs of the OPA627/637 are protected for voltages 
between +V S + 2V and -V s - 2V. If the input voltage can 
exceed these limits, the amplifier should be protected. The 
diode clamps shown in Figure 7a will prevent the input 
voltage from exceeding one forward diode voltage drop 
beyond the power supplies — well within the safe limits. If 



FIGURE 6. Driving Large Capacitive Loads. 
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URGE-SIGNAL RESPONSE 


SMALL-SIGNAL RESPONSE 



When used as a unity-gain buffer, large common-mode input voltage steps 
produce transient variations in input-stage currents. This causes the rising 
edge to be slower and falling edges to be faster than nominal slew rates 
observed in higher-gain circuits. 



FIGURE 8. OPA627 Dynamic Performance, G = +1. 


URGE-SIGNAL RESPONSE 



When driven with a very fast input step (left), common-mode transients 
cause a slight variation in input stage currents which will reduce output 
slew rate. If the input step slew rate is reduced (right), output slew rate will 
increase slightly. 


6pF* 



‘NOTE: Optimim value will depend on circuit board 
layout and stray capacitance at the inverting input. 


FIGURE 9. OPA627 Dynamic Performance, G = -1. 
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FIGURE 10. OPA637 Dynamic Response, G = 5. 


High Quality 
Pulse Generator 



±5V 

Out 


R,. Rf 2kQ 5000 

C F 6pF 4pF 

Error Band ±0.5mV ±0.2mV 

( 0 . 01 %) 

NOTE: C F is selected for best settling time performance depending on test 
fixture layout. Once optimim value is determined, a fixed capacitor may be 
used. 


FIGURE 11. Settling Time and Slew Rate Test Circuit. 


2-86 


Burr-Brown IC Data Book Supplement , Vol. 33b 






Or, Call Customer Service at 1-800-548-6132 (USA Only) 


Gain = 100 



Differential Voltage Gain = 1 + 2R F /Rq 


FIGURE 12. High Speed Instrumentation Amplifier, Gain = 100. 


Gain = 1000 



Differential Voltage Gain = (1 + 2R F /Rq) • 10 


FIGURE 13. High Speed Instrumentation Amplifier, Gain = 1000. 


r 2 



This composite amplifier uses the OPA603 current-feedback op amp to 
provide extended bandwidth and slew rate at high closed-loop gain. The 
feedback loop is closed around the composite amp, preserving the pre- 
cision input characteristics of the OPA627/637. Use separate power 
supply bypass capacitors for each op amp. 

‘Minimize capacitance at this node. 


GAIN 

A 1 

R, 

r 2 

r 3 

R < 

-3dB 

SLEW RATE 

(V/V) 

OP AMP 

(fl) 

(kO) 

(«) 

(kO) 

(MHz) 

(V/ps) 

100 

OPA627 

50.5 11 ’ 

4.99 

20 

i 

15 

700 

1000 

OPA637 

49.9 

4.99 

12 

i 

11 

500 


NOTE: (1) Closest 1/2% value. 


FIGURE 14. Composite Amplifier for Wide Bandwidth. 
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BURR-BROWN 

L 

i:= j = j 

j 


OPA660 

ADVANCE INFORMATION 
SUBJECT TO CHANGE 


Wide Bandwidth 

OPERATIONAL TRANSCONDUCTANCE 
AMPLIFIER AND BUFFER 



FEATURES 

• WIDE BANDWIDTH: 700MHz ; 

• HIGH SLEW RATE: 2000V/HS 

• LOW DIFFERENTIAL GAIN/PHASE 
DISTORTION 

• VERSATILE CIRCUIT FUNCTION 

DESGRIPTIO& 

The OPA66Q/IS a versatile building-block compqneht : 
designed for wideband width systems including high 
performance video; RF arid IF circuitry. It includes^!* 
integrated voltage-controlled current source and yolt T 
age buffer in an %pin package. 

The voltage-controlled current source or Operational 
Transconductance Amplifier (OTA^caphe viewed as 
an “ideal transistor.” Like a transistor, it has three 
terminals — a high-impedahde§input (base), a low- 
impedance input/output (emitter), and the current output 
(collector). The OTA ? however, is self-biased and 
bipolar. The output current is 2 ero for zero differential 
input voltage. AC inputs centered about zero produce 
an output current iwhich is bipolar and centered about 


Gm Adjust 1 


APPLICATIONS 

• VIDEO EQUIPMENT 

• COMMUNICATIONS EQUIPMENT 

• HIGH-SPEED DATA ACQUISITION 



zero. The transconductance of the OTA can be adjusted 
with an external resistor, allowing bandwidth, quies- 
pent current and gain tradeoffs to be optimized. 

fThe buffer stage provides 700MHz bandwidth and 
2000V/jis slew rate. When combined with the OTA 
section, the OPA660 can be interconnected as a cur- 
rent-feedback amplifier. Used as basic building blocks, 
the OPA660 can simplify the design of complex signal 
processing stages in video systems, communications 
equipment and high-speed data acquisition circuitry. 

The OPA660 is packaged in SO-8 surface-mount, and 
8-pin plastic DIP packages and is specified for the 
industrial temperature range. 


Transfer 

Characteristics 


+40 +80 +120mV 


l 0 = Gm (V B -V E ) 

+10mA 

+5V 

+5 

1 1 1 

Out 

1 1 1 
-120 -80 -40/ 


Z 5 

In 

' -10 
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SPECIFICATIONS 


ELECTRICAL 

Typical at l Q = 20mA, V s = ±5VDC, T A = +25°C, R L = 500ft unless otherwise specified. 




OPA660AP, AU 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

OTA TRANSCONDUCTANCE 

Transconductance 

v D = ov 

75 


200 

mA/V 

OPEN LOOP GAIN 

Open Loop Gain 



60 


dB 

OTA INPUT OFFSET VOLTAGE 

Initial 



±10 

±20 

mV 

vs Temperature 



50 


pV/°C 

vs Supply (tracking) 

V s = ±4.5V to ±5.5V 

55 

60 


dB 

vs Supply (non-tracking) 

V+ = 4.5V to 5.5V 

40 

45 


dB 

vs Supply (non-tracking) 

V- = -4.5V to -5.5V 

\ 40 

48 


dB 

OTA NONINVERTING INPUT BIAS CURRENT 

Initial 



±3 "•& 

• . '±S. 

pA 

vs Temperature 



5 .............. 


nA/°C 

vs Supply (tracking) 

V s = ±4,5V to ±5.5V 



±750 . 

nA/V 

vs Supply (non-tracking) 

V+ = 4.5V to 5.5V • ; 



±1500 

. nA/V 

vs Supply (non-tracking) 

V— * -45V to -5.5V •; ; 



±500.. 

nA/V 

OTA OUTPUT BIAS CURRENT 

Output Bias Current 

v i;:-: 


±10 xVh: 

±20 

pA 

vs Temperature 



500 


nA/°C 

vs Supply (tracking) 

:f: ; :!V s = ±4.5V to ±5.5V-:'i: : - 


'mm*:. 

‘ ±25 

pA/V 

vs Supply (non-tracking) 

; V+?4.5V to 5.5V 


±10 . • . . 

±25 

pA/V 

vs Supply (non-tracking) 

: Vr;«;;^:5V to -5.5V 


±10 

• ±25 

pA/V 

OTA OUTPUT 

Current Output \ 


•i %r.-±8 

±15 


mA 

Output Voltage Compliance 

\l 0 = ±1mA 

*4,0 

*4,4 


V 

Output Impedance 



15k ff 2.5 

G||pF 


BUFFER OFFSET VOLTAGE : ^ : 1 

Initial 



: .;V" ±10 

±20 

mV 

vs Temperature pfe. 


lliltei \ | 

50 


pV/°C 

vs Supply (tracking) 

V s = ±4.5V to ±5,5V 

• -55 

60 


dB 

vs Supply (non-tracking) 

V+ 4^5V to 5.5V • 

.. 'wmms 

45 


dB 

vs Supply (non-tracking).; 

, V- = ^5V:to -5.5V" #§ 

40 

48 


dB 

BUFFER INPUT BIAS CUBf=fENT: ; ^ 

Initial ' < v ; ! •• j ■ . 1 


•••x. i 

±3 

±5 

pA 

vs Temperature 


?• 

10 


nA/°C 

vs Supply (tracking) §§|: ; , 

V$ - ±4.5V to ±5.5V 



±750 

nA/V 

vs Supply (non-tracking) : 

V+ ^ 4.5V to 5.5V 



±1500 

nA/V 

vs Supply (non-tracking) 

Ik V- = 4.5V tSp:5v 



±500 

nA/V 

BUFFER INPUT IMPEDANCE : • 

Input Impedance ’ : ;; 



1 111 


Mft || pF 

BUFFER INPUT NOISE 

Voltage Noise 



5 


nV/Vfiz 

BUFFER DYNAMIC RESPONSE 

Small Signal Bandwidth 



700 


MHz 

Full Power 

V 0 = ±2.5V 


550 


MHz 

Differential Gain ' 

3.58MHz, at 0.7V 


0.1 


% 

Differential Phase 

3.58MHz, at 0.7V 


0.1 


Degrees 

Harmonic Distortion 

2nd Harmonic 


-65 


dB 


3rd Harmonic 


-90 


dB 

Slew Rate 

5V Step 


2000 


V/ps 

Settling Time 0.1% 

2V Step 


25 


ns 

Rise Time (10% to 90%) 

V 0 = lOOmVp-p 


1 


ns 


5V Step 


2 


ns 

BUFFER RATED OUTPUT 

Voltage Output 


±4.00 

±4.15 


V 

Current Output 


8 

15 


mA 

Gain 


0.96 

0.975 


V/V 


R l = 5kft 


0.99 


V/V 

Output Impedance 



8 || 2 


a II PF 

POWER SUPPLY 

Rated Voltage 



±5 


V 

Derated Performance 


±4.5 


±5.5 

V 
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BURR- BROWN t 


OPA675 

OPA676 


Wideband Switched-lnput 
OPERATIONAL AMPLIFIER 


FEATURES 

• FAST SETTLING: 9ns (1%) 

• WIDE BANDWIDTH: 185MHz (A v = 10) 

• LOW OFFSET VOLTAGE: ±250^V 

• TWO LOGIC SELECTABLE INPUTS 

• FAST INPUT SWITCHING: 6ns (TTL) 

• 16-PIN DIP PACKAGE 

DESCRIPTION 

The OPA675 and OPA676 are wideband monolithic 
operational amplifiers with two independent differen- 
tial inputs. Either input can be selected by an external 
logic signal. The OPA675 is compatible with ECL 
logic while the OPA676 is TTL compatible. Both am- 
plifiers are externally compensated and feature very fast 
input selection speed: ECL = 4ns, TTL = 6ns. This 
amplifier features fully symmetrical differential inputs 


APPLICATIONS 

• PROGRAMMABLE-GAIN AMPLIFIER 

• FAST 2-INPUT MULTIPLEXER 

• SYNCHRONOUS DEMODULATOR 

• PULSE/RF AMPLIFIERS 

• VIDEO AMPLIFIERS 

• ACTIVE FILTERS 

due to its “classical” operational amplifier circuit archi- 
tecture. Unlike “current-feedback” amplifier designs, 
the OPA675/676 may be used in all op amp applications 
requiring high speed and precision. 

Low distortion and crosstalk make these amplifiers 
suitable for RF and video applications. 

The OPA675 and OPA676 are available in KG (0°C to 
+70°C) and SG (-55°C to +125°C) grades. All grades 
are packaged in a 16-pin DIP. 



TTL: OPA676 
ECL: OPA675 
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SPECIFICATIONS 


ELECTRICAL 

At V cc = ±5VDC, R u = 1 50Q, and T A = +25°C unless otherwise noted. 




JG/SG 

KG 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

INPUT NOISE' 1 ’ 

Voltage: f Q = 10Hz 

a 

o 

II 

GC 


27 


m 


■ 

nV/VfiT 

f 0 = 100 Hz 



10 





nV/VHz 

f Q = 1kHz 



3.8 


■ 


B 

nV/Vinz" 

f Q = 10kHz 



2.6 





nV/'lHz 

f 0 = 100kHz 



2.4 


■ 

■■ 

B 

nV/^Hz" 

f B = 10Hz to 10MHz 



7.9 


R 


B 

uVrms 

Current: f Q = 1 0Hz to 1 MHz 



2.7 


RRH 

B 

R 

pA/^Hz 

OFFSET VOLTAGE' 1 ’ 

Input Offset Voltage 

V CM = 0VDC 


±500 

±2mV 


±250 

±1mV 

pV 

Average Drift 



±3 

±10 


±1 

±5 

pV/°C 

Supply Rejection 

±V CC = 4.5V to 5.5V 

65 

86 


70 



dB 

BIAS CURRENT” 

Input Bias Current 

v cm = ovdc 


23 

35 



30 

PA 

OFFSET CURRENT” 

Input Offset Current 

v cm = ovdc 


0.8 

5 



* 

pA 

INPUT IMPEDANCE' 1 ’ 

Differential 



4K||2 





QllpF 

Common-Mode 



10 5 || 5 





nil pF 

INPUT VOLTAGE RANGE' 1 ’ 

Common-Mode Input Range 



±2.5 


. 



V 

Common-Mode Rejection 

V IN = ±0.5VDC, V D = ±1.25V 

75 

100 


85 



dB 

OPEN LOOP GAIN, DC'” 

Open-Loop Voltage Gain 


65 

70 


* 



dB 

FREQUENCY RESPONSE 

Closed-Loop Bandwidth 

Gain = +2V/V 


100 





MHz 


Gain = +5V/V 


145 





MHz 


Gain = +1 0V/V 


185 



* 


MHz 


Gain = +50VA/ 


60 





MHz 

Crosstalk 

Gain = +1 OVA/, f = 100kHz 


-100 





dBC' 2 ’ 


f= 1MHz 


-80 





dBC 


f = 10MHz 


-68 





dBC 


f= 100MHz 


-35 



* 


dBC 

Harmonic Distortion: 10MHz 

G = +1 0V/V, R l = 50Q, V Q = 0.5Vp-p 









Second Harmonic 


-61 





dBC 


Third Harmonic 


-73 





dBC 

Full Power Response 

V 0 = 2.5Vp-p, Gain = +1 OVA/ 

25 

44 


30 



MHz 

Slew Rate 

Gain = +1 OVA/ 

200 

350 


240 

* 


V/ps 

Settling Time: 1% 



9 



* 


ns 

0.1% 

Gain = +1 OVA/ 


15 



* 


ns 

0.01% 

0.625V Output Step 


25 



* 


ns 

INPUT SELECTION' 3 ’ 

Transition Time 

ECL: OPA675 


4 





ns 

50% in to 50% Out 

TTL: OPA676 


6 





ns 

DIGITAL INPUT 

TTL Logic Levels: V 

Logic “LO" 

0 


+0.8 

. 



V 

V,h 

Logic “HI" 

+2.0 


+5 

* 


* 

V 

l IL 

Logic “LO”, V 1L = 0V 


-0.05 

-0.2 


• 

* 

mA 

l,H 

Logic “HI", V 1H = +2.7V 


1 

20 


* 

* 

pA 

ECL Logic Levels: V IL 

Logic “LO” 

-1.81 


-1.475 

* 


* 

V 

V| H 

Logic “HI" 

-1.15 


-0.88 

* 



V 

l,L 

Logic “LO", V IL = -1.6V 


-50 

-100 


• 


pA 

l, H 

Logic “HI", V IH = -1.0V 


-50 

-100 




pA 

RATED OUTPUT 

Voltage Output 

R l = 1500 

±2.1 

±2.6 





V 


R l = 500 

+1.25 

+1.8 


* 

* 


V 



-0.95 

-1.1 


-1.0 

* 


V 

Current Output 



±30 



* 


mA 

Output Resistance 

1MHz, Open Loop, C c = 5pF 


5 



* 


Q 

Load Capacitance Stability 

Gain = +2V/V 


50 



* 


pF 

Short Circuit Current 

Continuous to Gnd 


+45 


* 

* 

* 

mA 




-25 


* 

* 

* 

mA 


* Same specifications as for JG. 
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SPECIFICATIONS (cont) 


ELECTRICAL 

At V cc = ±5VDC, R l - 1500, and T A = +25°C unless otherwise noted. 




JG/SG 

KG 

■■ 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 




UNITS 

POWER SUPPLY 

Rated Voltage 

±v cc 


5 


| 

p 

■ 

VDC 

Derated Performance 

±V CC 

4.5 


6.5 




VDC 

Current, Quiescent 

l 0 = OmADC 


22 

30 



mi 

mA 

TEMPERATURE RANGE 

Specification 

Ambient Temp JG, KG 

0 


+70 

■ 

p 

p 

mm 


SG 

-55 


+125 




|K^P 

Operating: 

Ambient Temp JG, KG, SG 

-55 


+125 




■PH 

e M 



125 


m 

n 

■i 

wESM 


* Same specifications as for JG. 


ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 


At V cc = ±5VDC, R u = 1500, and T A = T M1N to T,^ unless otherwise noted. 




JG/SG 

KG 


PARAMETER 

CONDITIONS 




MIN 

TYP 

MAX 

UNITS 

TEMPERATURE RANGE 

Specification 

Ambient Temp JG, KG 

0 


+70 



* 

mm 


SG 

-55 


+125 




■m 

OFFSET VOLTAGE 

Average Drift 

T a = T min t0 T max 


±3 

±10 


±1 

±5 

pV/°C 

Supply Rejection 

±v cc = 4.5V to 5.5V 

60 

85 


65 

* 


dB 

BIAS CURRENT 

Input Bias Current 

V CM = OVDC 


29 

50 


* 

* 

ha 

OFFSET CURRENT 

Input Offset Current 

V CM = OVDC 


0.8 

10 


* 

* 

pA 

INPUT VOLTAGE RANGE 

Common-Mode Input Range 


±2.0 

±2.3 


. 



V 

Common-Mode Rejection 

V IN = ±0.5VDC, V Q = ±1 .25V 

60 

80 


65 

* 


dB 

OPEN LOOP GAIN, DC 

Open-Loop Voltage Gain 


60 

68 


63 

69 


dB 

DIGITAL INPUT 

TTL Logic Levels: V 1L 

Logic “LO" 

0 


+0.8 

* 


* 

V 

v tH 

Logic “HI” 

+2.0 


+5 

* 


* 

V 

',L 

Logic “LO”, V t = 0V 


-0.08 

-0.4 


* 

* 

mA 

l,H 

Logic “HI”, V IH = +2.7V 


5 

50 


* 

* 

pA 

ECL Logic Levels: V IL 

Logic “LO” 

-1.81 


-1.475 

* 


* 

V 

V,H 

Logic “HI" 

-1.15 


-0.88 

* 


* 

V 

l,L 

Logic “LO”, V IL = -1.6V 


-50 



* 


pA 

l,H 

Logic “HI", V IH = -1.0V 


-50 



* 


pA 

RATED OUTPUT 

Voltage Output 

R L = 1500 

±2.0 

±2.5 





mm 


R u = 500 

+1.25 

+1.6 


* 






-0.8 

-1.0 


-0.9 

* 



POWER SUPPLY 

Current, Quiescent 

l 0 = OmADC 

! 

25 

35 


* 

* 

•mm 


* Same specifications as for JG. 

NOTES: (1 ) Specifications are for both inputs (A and B). (2) dBC = Level referred to carrier-input signal. (3) Switching time from application of digital logic signal 
to input signal selection. 
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MECHANICAL 


G Package -16-Pln Hermetic DIP 


1 

: 

L 2 

9 

8 

F-J 





• L— JL-'* 





liTOM 

MM 


MM 

WMS'M 

wm 

HiiM 




H3H 

1PM 

1M 

MIME 


m 





HU 

mm 

MiBU 

1 mw 

WEEM 

mm 

WL'iNMM 

wmmm i 

n 

yukitiB 

UttVAl 



m 




BEEB 

mm 

1EM 



■;V'l 


KH9 

wnmmm 

1M 


BE9 

H9H 

IB 

mm 

liEU 



■E3B 


NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
marked on package. 



PIN ASSIGNMENTS: OPA675 


i 

+ln A 

16 

+ln B 

2 

-In A 

15 

-In B 

3 

Offset Trim 

14 

DNC 

4 

Offset Trim 

13 

CHA (ECL) 

5 

Compensation Capacitor 

12 

CHA (ECL) 

6 

NC 

11 

Common 

7 

+V CC 

10 

-V CC 

8 

Output 

9 

NC 


DNC = Do Not Connect NC = No Internal Connection 


ABSOLUTE MAXIMUM RATINGS 


Supply 

Differential Input Voltage 

±7VDC 

Total V cc 

±V c 

Storage Temperature Range 

Lead Temperature (soldering 10s) . .. 

-65°C to +150°C 

. +300°C 

Output Short Circuit to Ground (+25°C) 

Junction Temperature 

+175°C 



PIN ASSIGNMENTS: OPA676 


1 

+ln A 

16 

+ln B 

2 

-In A 

15 

-In B 

3 

Offset Trim 

14 

DNC 

4 

Offset Trim 

13 

DNC 

5 

Compensation Capacitor 

12 

CHA (TTL) 

6 

NC 

11 

Common 

7 

+v cc 

10 

-Vcc 

8 

Output 

9 

NC 


DNC = Do Not Connect NC = No Internal Connection 


ORDERING INFORMATION 

OPA675 (_){_) 
OPA676 ( )[) 

Basic Model Number — — 1 

Performance Grade Code ' 

J, K: 0°C to +70°C 
S: -55°C to +125°C 

Package Code 

G: 16-pin Ceramic DIP 
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Gain (dB) Gain (dB) Harmonic Distortion (dBC) 


For Immediate Assistance, Contact Your Local Salesperson 


TYPICAL PERFORMANCE CURVES 


SMALL SIGNAL 

HARMONIC DISTORTION vs FREQUENCY 


LARGE SIGNAL 

HARMONIC DISTORTION vs FREQUENCY 



0.1 1 10 100 
Frequency (MHz) 



0.1 1 10 100 
Frequency (MHz) 


A v = +50VA/ CLOSED-LOOP 
SMALL SIGNAL BANDWIDTH 


\ = +10V/V CLOSED-LOOP 
SMALL SIGNAL BANDWIDTH 



Frequency (MHz) 



0.3 1 10 100 1000 

Frequency (MHz) 


A v = +5V/V CLOSED-LOOP 
SMALL SIGNAL BAND WIDTH 


Ay = +2V/V CLOSED-LOOP 
SMALL SIGNAL BAND WIDTH 
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TYPICAL PERFORMANCE CURVES (cont) 


1MHz HARMONIC DISTORTION vs POWER OUTPUT 



TTTTI 









. A 


+10V/V(20dB) 









C 

0 = 

6.5pF 












R 

= 

50fl 













■ f 

c 55 

1 Ml- 

Iz 




































































i 



— 

1 

— 

— 

— 

— 

— 


— 

2f 


2 

l 

— 

— 

— 

r 

— ' 



— 

— 

J 

— 


5* 


— 

— 


f 

. 

— - 












0.125Vp-f> 

0.25Vp-p 

0.5Vp-p 


S 

E — 

2Vp-p 



-20 -15 -10 -5 0 +5 +10 +15 

Power Output (dBm) 



-20 -15 -10 -5 0 +5 +10 +15 

Power Output (dBm) 



-20 -15 -10 -5 0 +5 +10 +15 

Power Output (dBm) 



-20 -15 -10 -5 0 +5 +10 +15 

Power Output (dBm) 


CHANNEL-TO-CHANNEL 
CROSSTALK vs FREQUENCY 



0.3 1 10 100 

Frequency (MHz) 


2.5MHz SMALL-SIGNAL 
HARMONIC DISTORTION SPECTRUM 



2 4 6 8 10 12 

Frequency (MHz) 
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THEORY OF OPERATION 

An OPA675 simplified circuit is shown in Figure 1. It is a 
“classical” high-speed op-amp architecture with one impor- 
tant exception — the amplifier has two ECL logic selectable 
differential input stages. An appropriate differential ECL 
logic signal on A and A (labeled B Select) will turn on either 
Q5 or Q6, steering operating (tail) current to either differen- 
tial input pair Q1 and Q2 or Q3 and Q4. The input pair 
receiving the tail current operates as a conventional op-amp 
input stage while the de-selected input pair receiving no tail 
current appears as an open circuit. The de-selected inputs 
have only a few pF parasitic capacitance and in the off 
condition exhibit only a very low leakage (bias) current of 
about lOOpA. Two feedback networks can be connected to 
each input separately allowing a wide range of circuit 
applications. The feedback network connected to the se- 


lected input operates in a normal op amp fashion while the 
feedback network connected to the de-selected input is 
totally inactive, appearing only as an additional load to the 
amplifier’s output stage. 

The switched-input op amp (SWOP AMP) circuit of the 
OPA676 is basically the same as the OPA675 but a TTL 
compatible level shifter (Figure 2) has been added to its input 
selection logic circuit. 

Standard TTL (OPA676) and ECL (OPA675) logic levels 
may be applied to each input selection circuit but only 
350mV is typically required to switch between inputs. This 
logic input sensitivity allows simpler high-speed logic driver 
circuitry and it minimizes digital noise coupling into adja- 
cent wideband analog circuitry and allows single ended ECL 
inputs to be used with V BB applied to the other input. 



FIGURE 1. OPA675 Simplified Circuit Diagram. 
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The OPA675 and OPA676 are designed to be frequency 
compensated by a single capacitor connected from pin 5 to 
ground. Recommended compensation is shown in Typical 
Performance Curves. A small variable capacitor may be 
trimmed for best bandwidth, settling time, and gain peaking. 
This amplifier is designed for optimum performance in gains 
of 5V/V to 20 V/V but it can also be used over a far wider 
range of gains with excellent results. Closed-loop gain/phase 
(Bode) plots are shown in the Typical Performance Curves. 

OFFSET TRIM 

Input offset voltage is low enough for many video applica- 
tions. If desired, offset voltage can be trimmed with a lkJQ 
potentiometer connected to +V CC . Trimming offset voltage in 
this manner will effect both input A and input B; independent 
control of input offset will require that trim adjust current be 
summed into one or both inputs. This technique is shown in 
a few applications circuits on the pages to follow. 



FIGURE 5. OPA676 Input Selection Time. 
Input A to B. 



FIGURE 2. Internal OPA676 TTL Logic Level Shifter. 



FIGURE 4. OPA675/676 Settling Time Test Circuit. 



FIGURE 6. OPA676 Input Selection Time. 
Input B to A. 


2 


m 

ui 


a 

S 

< 

-i 

< 

z 

0 

1 
111 
a. 
o 


Burr-Brown 1C Data Book Supplement, Vol. 33b 


2-97 


OPA675/676 





For Immediate Assistance, Contact Your Local Salesperson 


APPLICATION TIPS 

Wideband amplifier circuits require good layout techniques 
to be successful. The use of short, direct signal paths and 
heavy (2oz copper recommended) ground planes are abso- 
lutely necessary to achieve the performance level inherent in 
the OPA675/676. Oscillation, ringing, poor bandwith and 
settling, gain peaking, and instability are typical problems 
that plague all high-speed amplifiers when they are used in 
poor layouts. The OPA675 and OPA676 are no different in 
this respect — any amplifier with a gain bandwith product of 
a few GHz requires some care be taken in its application. 

Points to remember: 

1 . Use a heavy copper ground plane on the component side 
of your PC board. This provides a low inductance 
ground and it also conducts heat from active circuit 
package pins into ambient air by convection. 

2. Bypass power supply pins directly at the active device. 
The use of tantalum capacitors (1 to 10|iF/10V) with 
very short leads is highly recommended. Supply pins 
should not be left unbypassed. 



FIGURE 10. OPA675 Input Selection Transition Time Test Circuit. 



FIGURE 7. OPA676 Input Selection Transition Time 
Test Circuit. 
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FIGURE 11. OPA676 Carrier Feedthrough and Switching 
Transient Test Circuit. 


3. Signal paths should be short and direct. Feedback resis- 
tors, compensation capacitors, termination resistors, etc 
should have lead lengths no longer than 1/4 inch (6cm). 

4. Surface mount components (chip resistors, capacitors, 
etc) have low inductance and are therefore recom- 
mended. Parasitic inductance and capacitance should be 
avoided if best performance is to be achieved. 

5. Resistors used in feedback networks should have values 
of a few hundred ohms for best performance. Shunt ca- 
pacitance problems limit the acceptable range to about 
lkQ or on the high resistance end and to a value that is 
within the amplifier’s output drive limits on the low end. 
Metal film and carbon compensation resistors will be 
satisfactory. 

6. Wirewound resistors (even “non-inductive” types) are 
absolutely unacceptable in high frequency circuits. 

7. Avoid overloading the output. Remember that output 
current must be provided by the amplifier to drive its 
own feedback network as well as to drive its “load.” 
Lowest distortion is achieved with high impedance 
loads. 

8. PC board traces for signal and power lines should be 
wide to reduce impedance or inductance. 

9. Don’t forget that these amplifiers use ±5V supplies. Al- 
though they will operate perfectly well with +5V and 
-5.2V, the use of ±15V supplies will result in destruc- 
tion. 

10. Standard commercial test equipment has not been de- 
signed to test devices in the OPA675/676 speed range. 
Benchtop op-amp testers and ATE systems will require 
a special test head to successfully test these amplifiers. 

11. High-speed amplifiers can drive only a limited amount 
of capacitance. If the load exceeds 10 to 20pF consider 
using a fast buffer or a small resistor to isolate the ca- 
pacitance from the amplifier’s output. Capacitive loads 
will cause loop instability if not compensated for. 


Burr-Brown IC Data Book Supplement, Vol. 33b 


1-800-548-6132 (USA Only) 

12. Terminate transmission line loads. Unterminated lines, 
such as coaxial cable, can appear to the amplifier to be 
a capacitive or inductive load. By terminating a trans- 
mission line with its characteristic impedance, the 
amplifier’s load then appears as a purely resistive im- 
pedance. 

13. For clean, fast input selection the logic input pins should 
be terminated with appropriate resistors. Resistors should 
be connected from input selection pins to ground plane 
with short leads. Failure to terminate long lines will 
result in ringing and poor high frequency switching. 

14. Plug-in prototype boards and wire- wrap boards will not 
be satisfactory. A clean layout using RF techniques is 
required; there is no shortcut. 



FIGURE 1 2. OPA676 Switching Transient. Top Trace: TTL 
Input (2V/cm). Bottom Trace: Amplifier Out- 
put (2mV/cm). Input B Offset Voltage has been 
Trimmed to Match Input A Offset Voltage. 



1MHZ TTL CARRIER FEEDTHROUGH vs FREQUENCY 


Carrier Feedthrough (dBm) 
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FIGURE 13. Carrier Feedthrough from 1MHz TTL Logic. 
Offset Trimmed for Maximum Carrier 
Rejection 
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FIGURE 14. OPA676 Used As A Conventional Op-Amp: A FIGURE 15. Very Fast Programmable Gain Amplifier with 


lOdB Gain Wideband Video Amplifier with Voltage Gains of + 1 V/V and + 1 6V/V (OdB and 

500 Input/Output Impedance. 24dB). 



FIGURE 16. High Input Impedance Differential Input Multiplexer with Gain of 30V/V (30dB). 
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FIGURE 17. Synchronous Modulator/Demodulator with 
Carrier Balance Trim (Gain = ±5V/V). 



FIGURE 18. Programmable-Gain +2V/V (6dB) or +8V/V 
(18dB) Buffer Amplifier for Floating-Point 
Conversion. 


100Q IkO 



Output 


-5V 5k O +5V 



FIGURE 20. Receiver Noise Blanker: A Wideband Gated 
Video Amplifier. 


51.1 £2 383 £2 383 £2 



FIGURE 21 . Multiplexed Input +16V/V Gain (24dB) Buffer 
Amplifier. 


FIGURE 19. Differential Input Multiplexer with Gain of 
10V/V (20dB). 
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FIGURE 22. Single Sideband Supressed Carrier Generator. 



FIGURE 24. Two-Input Multiplexer (with gain). 
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Precision, Single-Supply 
DUAL OPERATIONAL AMPLIFIER 


FEATURES 

• SINGLE POWER SUPPLY OPERATION 

• INPUT VOLTAGE RANGE TO GROUND 

• OUTPUT SWINGS NEAR GROUND 

• LOW QUIESCENT CURRENT: 500pA max 

• LOW V^: 150pV max 

• LOW DRIFT: 2pV/°C max 

• LOW 1^: 0.8nA max 

• LOW NOISE: 0.55pVp-p, 0.1Hz to 10Hz 


APPLICATIONS 

• PRECISION INSTRUMENTATION 

• BATTERY-POWERED EQUIPMENT 

• BRIDGE AMPLIFIERS 

• 4-20mA CURRENT TRANSMITTERS 

• VOLTAGE COMPARATOR 


DESCRIPTION 

The OPA1013 dual operational amplifier provides 
precision performance in single power supply and low 
power applications. It is laser trimmed for low offset 
voltage and drift, greatly reducing the large errors 
common with LM324-type op amps. Input offset cur- 
rent is also trimmed to reduce errors in high impedance 
applications. 

The OPA1013 is characterized for operation at both 
+5V (single supply) and ±15V power supplies. When 


operated from a single supply, the input common- 
mode range includes ground and the output can swing 
to within 15mV of ground. Completely independent 
biasing networks eliminate interaction between the 
two amplifiers — even when one is used as a compara- 
tor. 

The OPA1013 is available in 8-pin plastic DIP and 
metal TO-99 packages, specified for the 0°C to 70°C 
and -55°C to 125°C temperature ranges. 


Simplified Circuit 
(Half of Dual) 



International Airport Industrial Park • Mailing Address: P0 Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Ttoson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • TWx: 910-952-1111 • Cable: BBRCORP . Telex: 0664491 • FAX: (602) 889*1510 • Immediate Product Info: (800) 548-6132 
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SPECIFICATIONS 


ELECTRICAL 

V 8 = ±15V, V CM = OV, T a = +25°C unless otherwise noted. 


PARAMETER 

CONDITION 

OPA1013AM/AC 

OPA1 01 3M/C/DN8 

UNITS 


TYP 


MIN 

TYP 

MAX 

Input Offset Voltage 



±15 

±150 


±50 

±300 

pV 


OPA1013DN8 





±200 

±800 

pV 

Time Stability 



0.4 



0.5 


pV/Mo 

Input Offset Current 



±0.045 

±0.8 


±0.08 

±1.5 

nA 

Input Bias Current 



6 

20 


7 

30 

nA 

Voltage Noise, BW = 0.1 to 10Hz 



0.55 



0.55 


pVp-p 

Noise Density, f = 10Hz 



28 



28 


nV/Vfiz 

f » 1kHz 



25 



25 


nV/VRz 

Current Noise Density, f » 10Hz 



0.12 



0.12 


pA/VHz 

Input Resistance: Differential 


100 

400 


70 

300 


M« 

Input Resistance: Common-Mode 



5 



4 


GQ 

Open-Loop Voltage Gain 

V Q » ±10V, R l - 2k£l 

1.5 

3.1 


1 2 . 

2.9 


V/pV 


V 0 a ±10V. R l = 6000 

0.8 

2.1 


0.5 

1.9 


V/pV 

Common-Mode Input Range 


+13.5 

+13.8 


+13.5 

+13.8 


V 



-15 

-15.3 


-15 

-15.3 


V 

Common-Mode Rejection 

v cu a +13.5 to -15V 

100 

117 


97 

114 


dB 

Power Supply Rejection 

V 3 = ±2 to ±18V 

103 

120 


100 

117 


dB 

Channel Separation 

V Q a ±10V, R l a 2kn 

123 

140 


120 

137 


. dB 

Voltage Output 

R l a 2kQ 

±13 

±14 


±12.5 

±14 


V 

Slew Rate 


0.2 

0.35 


0 2 . 

0.35 


V/ps 

Quiescent Current (per amplifier) 



±0.35 

±0.5 


±0.35 

±0.55 

mA 


V s = +5V/0V, V CM = OV, V Q = +1.4V, T A a +25°C unless otherwise noted. 


PARAMETER 

CONDITION 

OPA1013AM/AC 

OPA1 01 3M/C/DN8 

UNITS 

bedh 

TYP 

MAX 

boh 

TYP 

MAX 

Input Offset Voltage 



±60 

±250 


±90 

±450 

pV 


OPA1013DN8 





±250 

±950 

pV 

Input Offset Current 



±0.2 

±1.3 


±0.3 

±2.0 

nA 

Input Bias Current 



9 

35 


10 

50 

nA 

Open-Loop Voltage Gain 

V Q a 5mV to 4 V 


0.1 



0.1 


V/pV 


R l a 500Q 








Common-Mode Input Range 


+3.5 

+3.8 


+3.5 

+3.8 


V 



0 

-0.3 


0 

-0.3 


V 

Voltage Output Low 

No Load 


15 

25 


15 

25 

mV 

Low 

R l » 600D to Ground 


5 

10 


5 

10 

mV 

Low 

*s.rs*< = 1mA 


200 

350 


200 

350 

mV 

High 

No Load 

4 

4.4 


4 

4.4 


■a 

High 

R l = 6000 to Ground 

3.4 

4 


3.4 

4 


HHH 

Quiescent Current (per amplifier) 



0.31 

0.45 


0.33 

0.5 



T a = -55°C to +125°C, V s = ±15V, V CM = OV unless otherwise noted. 




OPA1 013AM 

OPA1013M 


PARAMETER 

CONDITION 

bcxh 

TYP 

MAX 

bekh 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Vg a +5/0V, V Q = +1.4V 


±80 

±300 


±110 

±550 

pV 


T A a 100°C 


±70 

±450 


±75 

±750 

pV 


V CM a 0.1V. T a = 125°C 


±100 

±450 


±150 

±750 

pV 


v c „ = OV, T a = 125°C 


±200 

±900 


±300 

±1500 

pV 

Input Offset Voltage Drift 


0.4 

2.0 


0.5 

2.5 

pV/°C 

Input Offset Current 



±0.3 

±2.5 


±0.4 

±5.0 

nA 


Vg = +5/0V, V 0 = +1.4V 


±0.6 

±6 


±0.9 

±10 

nA 

Input Bias Current 



7 

30 


9 

45 

nA 


Vg = +5/0V. V Q = +1.4V 


11 

80 


15 

120 

nA 

Open-Loop Voltage Gain 

V Q = ±10V, R u = 2kfl 

0.5 

2.0 


0.25 

2.0 


V/pV 

Common-Mode Rejection 

V CM a +13 to -14.9V 

97 

114 


94 

113 


dB 

Power Supply Rejection 

Vg a ±2 to ±18V 

100 

117 


97 

116 


dB 

Voltage Output 

R L = 2kQ 

±12 

±13.8 


±11.5 

±13.8 


V 

V Q Low 

Vg a +5/0V, R l a 6000 


6 

15 


6 

18 

mV 

High 

Vg a +5/0V, R l = 6000 

3 2 

3.8 


3.1 

3.8 


V 

Quiescent Current (per amplifier) 



±0.38 

±0.6 


±0.38 

±0.7 

mA 


Vg = +5/0V, V Q a +1.4V 


0.34 

0.55 


0.34 

0.65 

mA 
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SPECIFICATIONS 


T a - 0°C to +70°C, V 8 » ±15V, V CM » OV unless otherwise noted. 


PARAMETER 

CONDITION 

OPA1013AC 

OPA1013C/DN8 

UNITS 


TYP 

MAX 

■HH 

TYP 

BRUSH 

Input Offset Voltage 



±55 

±240 


±80 

±400 

PV 


OPA1013DN8 





±230 

±1000 

pV 


V 8 = +5/0V, V 0 = +1.4V 


±75 

±350 


±110 

±570 

pV 


OPA1013DN8 





±280 

±1200 

pV 

Input Offset Voltage Drift 



0.3 

2 


0.4 

2.5 

pV/°C 


OPA1013DN8 





0.7 

5 

\ivrc 

Input Offset Current 



±0.2 

±1.5 


±0.3 

±2.8 

nA 


V 8 - +5/0V, V D - +1.4V 


±0.4 

±3.5 


±0.5 

±6 

nA 

Input Bias Current 



7 

25 


9 

38 

nA 


V s = +5/0V, V 0 = +1.4V 


10 

55 


13 

90 

nA 

Open-Loop Voltage Gain 

V Q - ±10V, R u - 2kQ 

i 

2.5 


0.7 

2.2 


V/pV 

Common-Mode Rejection 

V CM = +13 to -15V 

98 

116 


94 

113 


dB 

Power Supply Rejection 

V 8 = ±2 to ±18V 

101 

119 


97 

116 


dB 

Voltage Output 

R L «2kO 

±12.5 

±13.9 


±12.0 

±13.9 


V 

V Q Low 

V s - +5/0V, R L = 600Q 


6 

13 


6 

13 

mV 

V Q High 

V s = +5/0V, R l = 6000 

3.3 

3.9 


3 2. 

3.9 


V 

Quiescent Current (per amplifier) 



±0.36 

±0.55 


±0.37 

±0.6 

mA 


V 8 = +5/0V, V 0 = +1.4V 


0.32 

0.50 


0.34 

0.55 

mA 
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CONNECTION DIAGRAMS 



ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMPERATURE RANGE 

OPA1013CN8 

OPA1013DN8 

Plastic DIP 
Plastic DIP 

0°C to +70°C 

0°C to +70°C 

OPA1013ACH 

OPA1013CH 

OPA1013AMH 

OPA1013MH 

TO-99 Metal 
TO-99 Metal 
TO-99 Metal 
TO-99 Metal 

0°C to +70°C 
. 0°C to +70°C 
-55°C to +125°C 
-55°C to +125°C 


ABSOLUTE MAXIMUM RATINGS 


Power Supply Voltage ±22V 

Differential Input Voltage ±30V 

Input Voltage V+ to (V-) -5V 

Output Short Circuit (T A = 25°C) Continuous 

Operating Temperature: 

OPA1 013AM, OPA1013M -55 to +125°C 

OPA1013AC, OPA1013C, OPA1013D 0 to +70°C 

Storage Temperature -65 to +150°C 

Lead Temperature (soldering, 10s) +300°C 
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TYPICAL PERFORMANCE CURVES 

T a = +25°C unless otherwise noted. 



-50 -25 0 25 50 75 100 125 

Temperature (°C) 


OFFSET VOLTAGE 



Ik 3k 10k 30k 100k 300k 1M 3M 10M 


Balanced Source Resistor (Q) 


OFFSET VOLTAGE vs TIME 





v s = 

±15V 








M 

etal TO-99 Y 

! 1 

■i Package 

i 



P 

i 

lastic DIP Nl 

i 

3 Package 

/ 






0 1 2 3 4 5 



Time After Power On (Minutes) 


Frequency (Hz) 


POWER SUPPLY REJECTION RATIO 



100 Ik 
Frequency (Hz) 


0.1 Hz TO 10Hz NOISE 


— 

“Vs 

= ±2 

1 

Vto ±18V 


— 








— 






La a 

yw nffl 

li sLm 

(r'W 



A i 



i : 

p 



U- 

i 1 ' 

’• i 1 


— 



— 





0 2 4 6 8 10 

Time (s) 
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Voltage Noise Density (nV/^/Hz) 

Input Offset Current {nA) Supply Current per Amplifier (pA) Current Noise Density (fA/VHz) 


Or, Call Customer Service at 1-800-548-6132 (USA Only) 
TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C unless otherwise noted. 



1 10 100 Ik 

Frequency (Hz) 



-50 -25 0 25 50 75 100 125 


Temperature (°C) 


10Hz VOLTAGE NOISE DISTRIBUTION 

200 
180 
160 
« 140 

1 120 

? 100 
<D 

| 80 

2 60 
40 
20 
0 

10 20 30 40 50 60 

Voltage Noise Density (nV/VHz) 









Vs = 

±15V 

units tested 
three runs. 








“340 

_from 




i 











w 
























* 











— 

II 
























■ 







dig 



w&m 

nZj 








o 

T“ 

o 


2 

o 


2 


as 

iii 



Input Bias Current (nA) 


INPUT OFFSET CURRENT 



-50 -25 0 25 50 75 100 125 


INPUT BIAS CURRENT 



-50 -25 0 25 50 75 100 125 


Temperature (°C) 


Temperature (°C) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C unless otherwise noted. 


OUTPUT SATURATION AND SINK CURRENT 



OUTPUT SHORT CIRCUIT CURRENT vs TIME 


0 25 50 75 

Temperature (°C) 


05 50 
■| 40 

<o 30 
20 
10 
0 

-10 

-20 

05 -30 

1 —40 
co 

-50 




-55°C 

v s = 

±15V 




25°C 





| 










1ZC 

) o 

















12£ 

>°C 



- — ' 


25°C 






— 55°C 



— 


1 




1 2 
Time (Minutes) 



100 Ik 10k 

Load Resistance to Ground (fl) 


NOTES: (1) T a = -55°C, V s = ±15V. (2) T A = +25°C, V s = 
±15V. (3) T a = 125°C, V s = ±1 5V. (4) T A = +25°C, V s = 5V/0V. 
(5) T a = -55°C, V s = 5V/0V. (6) T A = 125°C, V s = 5V/0V. 



0.01 0.1 1 10 100 Ik 10k 100k 1M 10M 


Frequency (Hz) 



0.1 1 10 
Frequency (MHz) 


CHANNEL SEPARATION vs FREQUENCY 



Frequency (Hz) 
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TYPICAL PERFORMANCE CURVES (CONT) 


SMALL SIGNAL TRANSIENT RESPONSE 
V s * ±15V, G = +1 



LARGE SIGNAL TRANSIENT RESPONSE 
V s -±15V,G-+1 



SMALL SIGNAL TRANSIENT RESPONSE 
V s - 5V/0V, G - +1. R l « 600ft to Ground 


LARGE SIGNAL TRANSIENT RESPONSE 
V s » 5V/0V, G»+1 ,R l » 4.7kV to 5V 




Input = 0V to lOOmV Pulse 


Input = OV to 4V Pulse 
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TYPICAL PERFORMANCE CURVES (CONT) 


COMPARATOR FALL RESPONSE TIME 
lOmV, 5mV, 2m V Overdrives 


Output (V) 


Input (mV) 


V s = 5V/0V 




APPLICATIONS INFORMATION 

The OPA1013 is unity-gain stable, making it easy to use and 
free from oscillations in the widest range of circuitry. Follow 
good design practice by bypassing the power supplies close 
to the op amp pins. In most cases 0. IpF ceramic capacitors 
are adequate. 

SINGLE POWER SUPPLY OPERATION 

The OPA1013 is specified for operation from a single power 
supply. This means that linear operation continues with the 
input terminals at (or even somewhat below) ground poten- 
tial. When used in a non-inverting amplifier, 0V input must 
produce 0V output. In practice, the output swing is limited 
to approximately 15mV above ground with no load. Output 
swing near ground can be optimized when the output load is 
connected to ground. If the output must sink current, the 
ability to swing near ground will be diminished. The output 
swings to within approximately 200mV of ground when 
sinking 1mA. 


INPUT PROTECTION 

The circuitry of the OPA1013 is protected against overload 
for input voltages ranging from the positive supply voltage 
to 5V below the negative supply voltage (below ground in 
single supply operation). No external protection circuitry is 
required, as it is with other common single-supply op amps. 

Furthermore, the OPA1013 is free from phase-reversal prob- 
lems common with other single-supply op amps. When the 
inputs are driven below ground (or below the negative 
power supply), the output polarity remains correct. 

COMPARATOR OPERATION 

The OPA1013 functions well as a comparator, where high 
speed is not required. Sometimes, in fact, the low offset and 
docile characteristics of the OPA1013 may simplify the 
design of comparator circuitry. The two op amps in the 
OPA1013 use completely independent bias circuitry to avoid 
interaction when the inputs are over-driven. Driving one op 
amp into saturation will not affect the characteristics of the 
other amplifier. The outputs of the OPA1013 can drive one 
TTL load. Quiescent current remains stable when the inputs 
are overdriven. 



FIGURE 1. Precision Current Mirror. 
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FIGURE 2. Instrumentation Amplifier. 


v+ 



v- 

Input common-mode range extends 
to approximately 200mV below V- supply. 


FIGURE 3. Instrumentation Amplifier. 



FIGURE 4. Window Comparator. 
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BURR-BROWN ® 

IIP OPA2107 

1 1 11 

■ r=3 

[=i ■ 



*£231* b 

Pplf '1 1 P 

fli ^ 

Precision Dual Difet® 


OPERATIONAL AMPLIFIER 


FEATURES 

• VERY LOW NOISE: 8nV/VHz at 10kHz 

• LOW V^: 500pV max 

• LOW DRIFT: 5pV/°C max 

• LOW l B : 5pA max 

• FAST SETTLING TIME: 2 ps to 0.01% 

• UNITY-GAIN STABLE 


DESCRIPTION 

The OPA2107 dual operational amplifier provides 
precision Difet performance with the cost and space 
savings of a dual op amp. It is useful in a wide range 
of precision and low-noise analog circuitry and can be 
used to upgrade the performance of designs currently 
using BIFET® type amplifiers. 

The OPA2107 is fabricated on a proprietary 
dielectrically isolated ( Difet ) process. This holds in- 
put bias currents to very low levels without sacrificing 
other important parameters, such as input offset voltage, 
drift and noise. Laser-trimmed input circuitry yields 
excellent DC performance. Superior dynamic per- 
formance is achieved, yet quiescent current is held to 
under 2.5mA per amplifier. The OPA2107 is unity- 
gain stable. 

The OPA2107 is available in plastic DIP, metal TO- 
99, and SOIC packages. Industrial and Military tem- 
perature range versions are available. 


Difet* Burr-Brown Corp. 

BIFET 8 National Semiconductor 

International Airport Industrial Park • Mailing Address: P0 Box 11400 
Tel: (602) 746-1111 • TWx: 910-952-1111 • Cable: BBRCORP • 


APPLICATIONS 

• DATA ACQUISITION 

• DAC OUTPUT AMPLIFIER 

• OPTOELECTRONICS 

• HIGH-IMPEDANCE SENSOR AMPS 

• HIGH-PERFORMANCE AUDIO CIRCUITRY 

• MEDICAL EQUIPMENT, CT SCANNERS 



• Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Telex: 066-6491 • FAX: (602) 889-1510 • immediate Product Into: (800) 548-8132 
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SPECIFICATIONS 


T a » +25°C, V s a ±15V unless otherwise noted. 




OPA2107AM, SM, AP, AU 

OPA2107BM 


PARAMETER 

CONDITION 

MIN 

TYP 

MAX 


TYP 


UNITS 

OFFSET VOLTAGE” 

Input Offset Voltage 

B| 

■ 

100 

ImV 


50 

500 

pV 

Over Specified Temperature 


0.5 

2 


0.2 

1 

mV 

SM Grade 


in ms 

0.8 

2.5 




mV 

Average Drift Over Specified Temperature 

■ 


3 

10 


2 

5 

pV/°C 

Power Supply Rejection 

■ 

80 

96 


84 

100 


dB 

INPUT BIAS CURRENT” 

Input Bias Current 

pap 

H 

4 



2 


pA 

Over Specified Temperature 


0.25 



0.15 


nA 

SM Grade 



4 





nA 

Input Offset Current 

f^^W 


1 



0.5 


PA 

Over Specified Temperature 







nA 

SM Grade 



1 





nA 

INPUT NOISE 

Voltage: fa 10Hz 

R a -0 

p 

30 

■1 



p 

nV/VSz 

f= 100Hz 



12 





n V/VhT 

f= 1kHz 



9 




9 

nV/VFk 

fa 10kHz 


« R 

8 




999 

nV/VHz 

BW a 0.1 to 10Hz 


9 ' 

1.2 

■ 



9Rj9 

pVp-p 

BW = 10 to 10kHz 



0.85 





uVrms 

Current: f = 0.1Hz thru 20kHz 



1.2 

9 9 


0.9 

9 9 

IA/VhT 

BW = 0.1 Hz to 10Hz 


■ 

23 

B 


17 


fAp-p 

INPUT IMPEDANCE 

Differential 


■ 

10 ,a || 2 

p 

p 

p 

p 

G||pF 

Common-Mode 



10 14 || 4 





OllpF 

INPUT VOLTAGE RANGE 

Common-Mode Input Range 


±10.5 

±11 


• 

* 

p 

P! 

Over Specified Temperature 


±10.2 

±10.5 


* 

* 


mm 

SM Grade 


±10 

±10.3 




999 


Common-Mode Rejection 

Vcm = ±10V 

80 

94 


84 

100 

ihub 

R9 

OPEN-LOOP GAIN 

Open-Loop Voltage Gain 

V o = ±10V, R L = 2kO 

82 

96 


84 

100 

p 

dB 

Over Specified Temperature 

80 

94 


82 

96 


dB 

SM Grade 


80 

92 




B 

dB 

DYNAMIC RESPONSE 

Slew Rate 

G = +1 


18 


■ 

p 

p 

V/ps 

Settling Time: 0.1% 

G = -1,10V Step 


1.5 





ps 

0.01% 



2 


9 9 

■ 

9 

ps 

Gain-Bandwidth Product 

G = 100 


4.5 


■ 

9u~.‘ f :i . 

9 

MHz 

THD + Noise 

G = +1, f = 1kHz 


0.001 





% 

Channel Separation 

f = 100Hz, R l = 2kfl 


120 



bbb 

B 

dB 

POWER SUPPLY 

Specified Operating Voltage 





■ 

p 

p 

n 

Operating Voltage Range 




±18 





Current 




±5 


9 

B 


OUTPUT 

Voltage Output 

R L = 2kO 

±11 

±12 


p 

p 

p 

n 

Over Specified Temperature 


±10.5 

±11.5 






SM Grade 


±10.2 

±11.3 




9 

Bp 

Short Circuit Current 


±10 

±40 




9 


Output Resistance, Open-Loop 

1MHz 


70 


■ 

9 


HI 

Capacitive Load Stability 

G = +1 


1000 



ww 

B B 

R9 

TEMPERATURE RANGE 

Specification 





■ 

p 



AP. AU. AM, BM 


-25 


+85 




°c 

SM 

Operating 


-55 


+125 

■ 

p 

p 

°c 

AP, AU 


-25 


+85 




°c 

AM. BM. SM 

Storage 


-55 


+125 


p 

p 

°c 

AP, AU 


-40 


+125 




°c 

AM. BM. SM 

Thermal Resistance (0 st ) 


-65 


+150 

■ 

p 

p 

°c 

AP 



90 





°c/w 

AU 



175 


9 9 

9 

9 

°c/w 

AM, BM, SM 



200 


BW 

WW 

WW 

°c/w 


* Specifications same as OPA2107AM. 

NOTE: (1) Specified with devices fully warmed up. 
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ORDERING INFORMATION 


MODELS 

PACKAGE 

SPECIFICATION 
TEMPERATURE RANGE 

OPA2107AP 

Plastic DIP 

-25 to +85°C 

OPA2107AM 

Metal TO-99 

-25 to +85°C 

OPA2107BM 

Metal TO-99 

-25 to +85°C 

OPA2107SM 

Metal TO-99 

-55 to +125°C 

OPA2107AU 

SO-8 SOIC 

-25 to +85°C 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage ±18V 

Input Voltage Range ±V S ±2V 

Differential Input Voltage Total V 8 ±4V 

Operating Temperature 

M Package -55°C to +125°C 

P and U Packages -25°C to + 85°C 

Storage Temperature 

M Package -65°Cto +150°C 

P and U Packages -40°C to +125°C 

Output Short Circuit to Ground (T A = +25°C) Continuous 

Junction Temperature ....;+175°C 

Lead Temperature 

M and P Packages (soldering, 10s) +300°C 

U Package, SOIC (3s) +260°C 


PIN CONFIGURATIONS 

Top View -M Package Top View - P & U Packages 




MECHANICAL 


M Package — Metal TO-99 




■m 

wMtmEm 

EM 

m 

milVM 

m 

EQ3 

M 

w&m 

mum 

EM 

wm\ 

HHH 

EM 

EM 

EM 

H-mM 

EM 



pa 

EM 

El 

■TIM 

Wx'aM 

EM 

EM 

EMI 

TTM 

EM 


EM 

E3fl 

EM 

W>VM 


■EM 

131 

mzrmm 


mm 

W.'qM 

EM 

rani 

E3 

El 

EM 

EM 


na 

o 

EES M 

M 

El 

IBM 

EM 

11M 


EM 

KM 




ik5 

EM 

EEMI 




NOTE: Leads in true 
position within 0.01” 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
marked on package. 
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MECHANICAL (CONT) 


P Package — 8-Pln Plastic DIP 





■ 

1 


t 

© 

> 

J 

L 


d 

r 

i 

n 



1 Seating Plane 


ME 

■H 

■SliilMM 

'n! 

EM 

E£B 

EM 

EM 


BBM 

MM 

EM 

ESB 

n 

TtW 

EM 

ebb 

mvm 

BOB 

EB 

EM 

EEM 


BUfi 

BKU 

btcsb 

mm 

uwzm 


MM 



hixiih 

■»iu 

El 

E1OTI 

ETM 

EUTM 

BOB 

mm 

EM 

EM 

EEM 

B3B 

MM 

EM 

EM 


mm 

mmmm 





Em 

Eki-EBEM 

i 

i 


beb 

BE323E 


■7TTT.B 

mmu 

EBM 

EM 

vjxm\ 

KSI 

BEB 

bssb 


K£B 

a 

EBl 

mm 

BlBH 

mm 

bb 

BEM 


EM 


Mm 


wjmm 

■10^ 

■BE 

[ESI 

■■in 

EMI 

1MB 

BTE7B 


(1) Not JEDECStd. 

(2) ei and e A apply In zone L, when 
unit Installed. 

NOTE: Leads In true position within 
0.01“ (0.25mm) R at MMC at seating 
plane. 


U Package — 8-Pln SOIC 


Pin 1 Identifier 


IpTf’n n 



Tf 


B, B 

JJ 


— H 

1 

JgLdJlT^ 




me 

BEEUMi 

ElliiMSM 

ESB 


uihVM 

BEE 

1ME 

B3H 



BmE 

EBB 

BB 


mm 

BL-fcB' 

BM 

BE 

Brcna 


EHE 

B»i 

bm 

bem 



BEB 

mm 

BS5B 

EM 

H<TE 


bm 

EMI 

EM 

EEM 

EiE1;E 

mm 

iM 

1E5EMM 

BM 

EMI 

K5M 

EEM 

EMB 

BM 


BM 

EE-?! 


bm 

WMM 

IE3BE 

^1 

ESSE 

BM 

mm 

mm 

BM 

EEEfl 

EM 

B>!i!»B 

B»UE 

ImuE 

ESSB 


NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. 


TYPICAL PERFORMANCE CURVES 


T a = +25°C, V s = ±15V unless otherwise noted. 


INPUT VOLTAGE AND CURRENT NOISE 



100 



0.1 


1 10 100 Ik 10k 100k 1M 


TOTAL INPUT VOLTAGE NOISE SPECTRAL DENSITY 



100 Ik 10k 100k 1M 10M 100M 


Frequency (Hz) 


Source Resistance (a) 
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Voltage Gain (dB) Power Supply Rejection (dB) Bias Current (pA) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a « +25°C, V 8 ■ ±1 5V unless otherwise noted. 


10nA 

InA 
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vs TEMPERATURE 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C, V 8 - ±15V unless otherwise noted. 


GAIN-BANDWIDTH AND SLEW RATE 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a ■ +25°C, V s - ±15V unless otherwise noted. 


TOTAL HARMONIC DISTORTION vs FREQUENCY 



THD + NOISE vs FREQUENCY AND OUTPUT VOLTAGE 



1 10 100 IK 10k 100k 


Frequency (Hz) 


OPA2107 LARGE-SIGNAL RESPONSE OPA2107 SMALL-SIGNAL RESPONSE 



Time (200ns/div) 


APPLICATIONS INFORMATION 
AND CIRCUITS 

The OPA2107 is unity-gain stable and has excellent phase 
margin. This makes it easy to use in a wide variety of 
applications. 

Power supply connections should be bypassed with capaci- 
tors positioned close to the amplifier pins. In most cases, 
0.1)iF ceramic capacitors are adequate. Applications with 
larger load currents and fast transient signals may need up to 
ljiF tantalum bypass capacitors. 

INPUT BIAS CURRENT 

The OPA2107’s Difet input stages have very low input bias 
current — an order of magnitude lower than B1FET op amps. 


Circuit board leakage paths can significantly degrade per- 
formance. This is especially evident with the SO-8 surface- 
mount package where pin-to-pin dimensions are particularly 
small. Residual soldering flux, dirt, and oils, which conduct 
leakage current, can be removed by proper cleaning. In most 
instances a two-step cleaning process is adequate using a 
clean organic solvent rinse followed by de-ionized water. 
Each rinse should be followed by a 30-minute bake at 85°C. 

A circuit board guard pattern effectively reduces errors due 
to circuit board leakage (Figure 1). By encircling critical 
high impedance nodes with a low impedance connection at 
the same circuit potential, any leakage currents will flow 
harmlessly to the low impedance node. Guard traces should 
be placed on all levels of a multiple-layer circuit board. 
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Inverting Buffer 



8 


BOARD LAYOUT 
FOR INPUT GUARDING 
Guard top and bottom of board. 
Alternate: use Teflon® standoff 
for sensitive input pins. 

Teflon® E. I. Du Pont de Nemours & Co. 


FIGURE 1 . Connection of Input Guard. 



E 0 = [10 (1 + 2R F /R G ) (E 2 - E,)] = 1000 (E, - E,) 

Using the INA106 for an output difference amplifier extends the input 
common-mode range of an instrumentation amplifier to ±10V. A conven- 
tional IA with a unity-gain difference amplifier has an input common-mode 
range limited to ±5V for an output swing of ±1 0V. This is because a unity- 
gain difference amp needs ±5V at the input for 1 0V at the output, allowing 
only 5V additional for common mode range. 


FIGURE 3. Precision Instrumentation Amplifier. 


1/2 



Differential Voltage Gain = 1 + 2Rp/R G = 100 R w = 10 13 Q 


FIGURE 2. FET Input Instrumentation Amplifier. 
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OPA2604 


ADVANCE INFORMATION 
SUBJECT TO CHANGE 


Dual FET-Inpiit, Audio 
OPERATIONlfb AMPLIFIER 


FEATURES 

• LOW DISTORTION: 0.0003% at llcHz 

• LOW NOISE: 10nV/VHz 

• HIGH SLEW RATE: 25V/J1S 

• WIDE GAIN-BANDWIDTH: 10MHz \ 

• UNITY-GAIN STABLE ' 

• WIDE POWER SUPPLY RANGE: V s = +4.5 
to ±24V , 

• DRIVES 6000 LOADS 


APPLICATIONS 

I PROFESSIONAL AUDIO EQUIPMENT 

• PCM DAC l/V CONVERTER 

• SPECTRAL ANALYSIS EQUIPMENT 

• ACTIVE FILTERS 

• TRANSDUCER AMPLIFIER 

• DATA ACQUISITION 


DESCRIPTION 

The OPA2604 is a dual, FET-input operational amplm 
fier designed for enhanced AC 
distortion, low noise and wide bandwidth provides 
superior performance in high performance audio and 
precision instrumentation. 

New circuit techniques, and special laser trimming of 
dynamic circuit performance yield very low harmonic 
distortion. The; result is ah op amp with exceptional 
sound quality. The low-noise FET input of the 
OPA2604 provideslyyide dynamic range, even with 
high source impedance. Offset voltage is laser-trimmed 
to provide excellent DC stability. 

The OPA2604 is available in 8-pin plastic mini-DIP 
and SO-8 surface-mount packages, specified for the 
-25°C to +85°C temperature range. 



International Airport Industrial Park • Mailing Address: P0 Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRC0RP • Telex: 066-6491 • FAX: (602) 889-1510 • immediate Product Info: (800) 548-6132 
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SPECIFICATIONS 

T = +25°C, V = ±15V unless otherwise noted. 


OFFSET VOLTAGE 

Input Offset Voltage 
Average Drift 
Power Supply Rejection 

INPUT BIAS CURRENT' 

Input Bias Current 
Input Offset Current 

NOISE 

Input Voltage Noise 
Noise Density: f = 10Hz 
f = 100Hz 
f = 1kHz 
f = 10kHz 

Voltage Noise. BW = 20Hz to 20kHz 

Input Bias Current Noise 

Current Noise Density, f = 0.1Hz to 20kHz 

INPUT VOLTAGE RANGE 

Common-mode Input Range 
Common-mode Rejection 
Differential 
Common-Mode 

OPEN-LOOP GAIN 

Open-loop Voltage Gain 

FREQUENCY RESPONSE 

Gain-Bandwidth Product 

Slew Rate 

Settling Time 0.01% 

0 . 1 % 

Total Harmonic Distortion + Noise (THD + N) 

OUTPUT ~~ W— 
Voltage Output 
Current Output 
Short Circuit Current; 

Output Resistance. Open-Loop 

POWER SUPPLY 

Specified Operating Voltage 
Operating Voltage Range • : . 

Current, Total Both Amplifiers 

TEMPERATURE RANGE 

Specification 

Storage 

Thermal Resistance, 0 J A 


NOTES: (1) High-speed test at T, = 25°C. 


OPA2604AP, AU 

n typ r 




±12 1 

±13 : 


V 

V CM = ±12V 

80 

100 


dB 


10 13 || 8 


Q|| pF 



10’? j| 10. 


Q|| pF 

f o \±10V, R L = IkQ 

ih so 

llllipo 


dB 
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•: ! 
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MHz 

20Vp-p, R l = IkQ 

15 

. . 25 
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G = -1, 10V Step 


2 


ps 

G= -1,10V Step 


1 


ps 

G = l.f * 1kHz 
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H, = 600Q 

U ± 1 1 
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V 



±9.5 
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mA 
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90 


°C/W 


TYPICAL PERFORMANCE CURVES 


T = +25°C, V, = ±15V unless otherwise noted; 


TOTAL HARMONIC DISTORTION + NOISE vs FREQUENCY 
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INSTRUMENTATION AMPLIFIERS 


WHAT IS AN INSTRUMENTATION AMPLIFIER? 

An instrumentation amplifier is a closed-loop, differential input, gain block. 
It is a committed circuit with the primary function of accurately amplifying 
the voltage applied to its inputs. 

Ideally, the instrumentation amplifier responds only to the difference 
between the two input signals and exhibits extremely high impedance 
between the two input terminals, and from each terminal to ground. The 
output voltage is developed single-ended with respect to ground and is equal 
to the product of amplifier gain and the difference of the two input voltages. 
See Figure 1. 



Figure 1. Idealized Model of an Instrumentation Amplifier. 


Amplifier gain (G) is normally set by the user with a single external resistor. 
The properties of this model may be summarized as infinite input imped- 
ance, zero output impedance, the output voltage proportional to only the 
difference voltage (e n - ej), a precisely known gain constant (G) (implying 
no nonlinearity), and unlimited bandwidth. This amplifier would completely 
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reject signal components common to both inputs (common-mode rejection) 
and would exhibit no DC offset voltage or drift. 

CHARACTERISTICS OF 
INSTRUMENTATION AMPLIFIERS 

It is desirable to achieve, as close as possible, the characteristics of the ideal 
instrumentation amplifier. The following paragraphs are a discussion of the 
other-than-ideal characteristics of instrumentation amplifiers. 


INPUT IMPEDANCE 

A simple model of a realistic instrumentation amplifier is shown in Figure 
2. The impedance Z ID represents the differential input impedance. The com- 
mon-mode input impedance Z ICM is represented as two equal components, 
2Z icm , from each input to ground. These finite resistances contribute an 
effective gain error due to loading of the source resistance. The instrumen- 
tation amplifier provides a load on the source of Z f = Z ID II Zj CM If source 
impedance isR s = R sl + R S2 , the gain error caused by this loading is: 


Gain Error = 1 - 


Z , + R s 


Z ,+ R s 


if Z,> > R s 


If R s is 10k£2 and Z, is 10Mf2, 

3 

Gain Error s - A - - =0.1% 
10 x 10 
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Figure 2. Simple Model of an Instrumentation Amplifier Shown in a Typical 
Application Configuration. 
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The DC common-mode input impedance Z ICM will be independent of gain. 
The DC differential input impedance Z m may vary as a function of gain. 
Specifications give the worst-case value. The nonzero output impedance of 
the amplifier will also create a gain error, the value of which depends on the 
load resistance. 

NONLINEARITY 

The linearity of gain is possibly of more importance than the gain accuracy, 
since the value of the gain can be adjusted to compensate for simple gain 
errors. The nonlinearity is specified to be the peak deviation from a “best fit” 
straight line, expressed as a percent of peak-to-peak full scale output. 

COMMON-MODE REJECTION 

As illustrated in Figure 2, the output voltage has two components. One 
component is proportional to the differential input voltage e D = (e 2 - ej). The 
second component is proportional to the common-mode input voltage. The 
common-mode voltage which appears at the amplifier’s input terminals is 
defined as e CM = e 2 + e t /2. This may consist of some common-mode voltage 
in the source itself, e CM , (such as bridge excitation) plus any noise voltage, 
e N , between the source common and the amplifier common. As shown in 
Figure 2, the constant G represents the differential amplifier gain factor 
(fixed by the external gain-setting resistor). The constant (G/CMRR) repre- 
sents the common-mode signal gain of the amplifier. The CMRR (common- 
mode rejection ratio) is the ratio of differential gain to common-mode gain. 
Thus CMRR is proportional to the differential gain and CMRR increases as 
the differential gain (G) increases. Hence, CMRR is usually specified for the 
maximum and the minimum values of gain of the amplifier. The common- 
mode rejection may be expressed in dB as CMRR (dB) = 201og 10 CMRR. 

For an ideal instrumentation amplifier, the output voltage component due to 
common-mode voltage should be zero. For a realistic instrumentation 
amplifier, the CMRR — though very high — is still not infinite and so will 
cause an error voltage of e CM /CMRR X G to appear at the output. 

SOURCE IMPEDANCE UNBALANCE 

If the source impedances are unbalanced, the source voltages (e CM + e N ) are 
divided unequally upon the common-mode impedance, and a differential 
signal is developed at the amplifier’s input. This error signal cannot be 
separated from the desired signal. In the circuit in Figure 2, if R S2 = 0, R S1 
= lkQ, e CM + e N = 10V, and Z CM = 100M£2, then the effect of unbalance is 
to generate a voltage: 

e -e = 10V- 10V— — - = 10 V— ^ — - = -^- = 0.1 mV 
2 ' 10 8 + 10 3 10 8 + 10 3 10 5 
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If e D full scale is lOmV, then this error is 

Error = -M e X. = 1% of full sca i e 
lOmV 


OFFSET VOLTAGE AND DRIFT 

Most instrumentation amplifiers are two-stage devices — they have a vari- 
able gain input stage and a fixed gain output stage. If Vjand V Q are the offset 
voltages of the input and output stages respectively, then the amplifier’s total 
offset voltage referred to the input (RTI) = Vj+ V^G, where G is the 
amplifier’s gain. (Note that total E 0S (RTI) X G appears at the output.) 

The initial offset voltage is usually adjustable to zero. Therefore voltage drift 
is the more significant term because it cannot be nulled. The offset voltage 
drift also has two components — one due to the input stage of the amplifier 
and the other due to the output stage. When the amplifier is operated at high 
gain, the drift of the input stage dominates. At low values of gain, the drift 
of the output stage will be the major component of drift. When the total 
output drift is referred to the input, the effective input voltage drift is largest 
for low values of gain. Output voltage drift will always be lowest at low 
gains. If AV/AT = 2pV/°C and AV^AT = 500|iV/ o C and the amplifier in a 
gain of 1000V/V is nulled at 25°C, then at 65°C the offset voltage will be 

E 0S (RTI) 65° = 40°C[2|iV/°C + (500|iV/°C/1000V/V)] 

= 40°C(2.5|iV/ o C) = 100|iV = O.lmV 

If the full scale input is lOmV, then the error due to voltage drift is 


Error = 1 = 1% of full scale 

lOmV 

INPUT BIAS AND OFFSET CURRENTS 

The input bias currents are the currents that flow out of (or into) either of the 
two inputs of the amplifier. They are the base currents for bipolar input 
stages and the leakage currents for JFET input stages. Offset current is the 
difference of the two bias currents. 

The bias currents flowing into the source resistances will generate offset 
voltages of E 0SJ = I B2 X R S2 and E 0S1 = I B1 X R S1 . If R S1 =R S2 =R s /2, the offset 
voltage at the input is E 0S2 - E 0S1 = I QS X R s /2. This input-referred offset error 
may be compared directly with the input voltage to compute percent error. 
(Note that the source must be returned to power supply common, or R s will 
be infinite and the amplifier will saturate.) 
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APPLICATIONS OF 
INSTRUMENTATION AMPLIFIERS 

Instrumentation amplifiers are generally used in applications where extract- 
ing and accurately amplifying low level differential signals riding on high 
common-mode voltages (±10V) is very important. Such applications require 
high input impedance, high CMRR, low input noise, and excellent DC level 
stability (low offset voltage drift). 

Instrumentation amplifiers are used as transducer amplifiers for various 
types of transducers such as strain gauge bridges, load cells, thermistor 
networks, thermocouples, current shunts, biological probes, weather 
gauges, and so forth. Other applications include recorder preamplifiers, 
multiplexer buffers, servo error amplifiers, current sensors, signal condi- 
tioners in process control and data acquisition systems, and in general 
measurements of small differential signals riding on common-mode volt- 
ages. 

The small size, low cost, and high performance of these amplifiers offer an 
attractive approach for data acquisition applications: assigning a fixed-gain 
amplifier to each transducer and locating the amplifier physically near the 
transducer. This approach largely eliminates common-mode noise pickup 
problems since a high level signal (rather than a low level transducer signal) 
is then transmitted to the data gathering station. The result is a higher signal/ 
noise ratio at the output. Using one amplifier per point may well be more 
economical, as well as offering better performance and flexibility, than the 
approach of using low level multiplexers. 

INSTRUMENTATION AMPLIFIERS 
SELECTION GUIDES 

The following Selection Guides show parameters for the high grade. Refer 
to the Product Data Sheet for a full selection of grades. Models shown in 
boldface are new products introduced since publication of the previous 
Burr-Brown 1C Data Book. 
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INSTRUMENTATION AMPLIFIERS Boldface = NEW 

Gain input Parameters Dynamic 

Accuracy, Gain Non- Offset Response, 





G=100 

Drift, 

Linearity 


Voltage 

GslOO 






Gain 

25°C, 

GslOO 

G=100 

CMR (6) 

vs Temp ±3dB BW Temp 


Page 

Description 

Model 

Range 

max(%) (ppm/°C) 

max(%) min(dB) max(pV/°C) 

(kHz) 

Range (1 > Pkg 

No. 

Very High 

INA120 

1,10,100, 

0.5 

30 

±0.01 

96 

±(0.25+1 0/G) 

20 

Ind 

DIP 

S3-50 

Accuracy 


1000 











INA104M 

1-1000< 2 > 

0.15 

22< 3 > 

±0.003 

96 

±(0.25±10/G) 

25 

Ind 

DIP 

3-34 


INA101G, M.L 

1-1000< 2 > 

0.03 

22< 3 > 

±0.003 

96 

±(0.25±1 0/G) 

25 

Ind. Mil 

DIP 

3-11 










TO-IOO, 3-11 











LCC 

3-11 


INA101P, U 

1-1000 (2 > 

0.3 

22 (3) 

±0.007 

90 

±(2±20/G) typ 

25 

Com 

DIP 

3-11 











SOIC 

3-11 

Low Quies- 

INA102G®,L® 1,10,100, 

0.15 

15 

±0.02 

90 

±(2±5/G) 

3 

Ind 

DIP 

S3-10 

cent Power 


1000 








LCC S3-10 


INA102P, U 

1,10,100, 

0.4 

20 

±0.05 

80 

±(5±10/G) 

3 

Com, Ind DIP 

S3-10 



1000 








SOIC S3-10 

Low Noise, 

INA103G 

1-1000«®> 

0.1 

25 

±0.004 

100 ±(0.5+10/G) typ 

800 

Ind 

DIP 

S3-22 

Low 

INA103P 

1-1000® 

0.25 

25 

±0.010 

90 

±(0.5+20/G) typ 

800 

Com 

DIP 

S3-22 

Distortion 












Fast Settling INA110G< 8 >, L< 8 > 

1,10,100, 

0.1 

20 

±0.01 

96 

±(2±50/G) 

470 

Ind 

DIP, 

3-65 

FET Input 


200,500 








LCC 

3-65 


INA110P, U 

1,10,100, 

0.2 

6typ 

±0.02 

87 

±(2±20/G) typ 

470 

Com 

DIP, 

3-65 



200, 500 








SOIC 

3-65 

Buffer, 

3627M 

1VA/, fixed 

0.01® 

5 

±0.001 < 3 > 

100 

20 

800< 3 > 

Ind 

TO-99 3-158 

Unity-Gain 

INA1 05M (8) , L (8) 1V/V, fixed 

0.01® 

5 

±0.001 < 3 > 

86 (5) 

10 

1000< 3 > 

Ind 

TO-99 

3-45 

Difference 

INA105P, U 

1V/V, fixed 

0.025® 

5 

±0.001 < 3 > 

72 ( 5 ) 

5 typ 

1000< 3 > 

Com 

DIP, 

3-45 











SOIC 

3-45 

Gain of 1 0 

INA106M 

1 OVA/, fixed 

0.01® 

10 

±0.001® 

100® 

2 

500® 

Ind 

TO-99 

3-57 

Difference 

INA106P 

1 0VA/, fixed 

0.025® 

4typ 

±0.001® 

86® 

0.2 typ 

500® 

Com 

DIP 

3-57 

High Com. 

INA117G 

1V/V, fixed 

0.02® 

10(3) 

±0.001 ^ 

86 (5) 

20 

200 s ' 

Ind 

DIP 

S3-36 

Mode Volt. 

INA117P 

1V/V, fixed 

0.05® 

10<*> 

±0.001 « 

74(5) 

40 

200® 

Com 

DIP 

S3-36 

Difference 












(200VDC CMV) 











4-20mA Loop RCV420BG 0.3125V/mA 

0.05 

25 

±0.002 

86 

25® 

150 

Ind 

DIP 

S3-71 

Receiver 

RCV420KP 0.3125V/mA 

0.1 

50 

±0.002 

72 

50® 

150 

Com 

DIP 

S3-71 


NOTES: (1 ) Com « 0°C to +70°C, Ind - -25°C to +85°C, Mil - -55°C to +1 25°C. (2) Set with external resistor. (3) Unity-gain. (4) 
Gain = 1 0. (5) No source imbalance. (6) DC to 60Hz, Gain = 1 0, 1 kfl unbalanced. (7) RTO. (8) BS 9000 Screening is available. 
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PROGRAMMABLE GAIN AMPLIFIERS 




Gain 



Input Parameters 

Dynamic 





Accuracy, 

Gain 

Non- 


Offset 

Response 






G=100 

Drift, 

Linearity 


Voltage 

G=100 





Gain 

25°C, 

G=100 

G=100 

CMR (6) 

vs Temp 

±3dBBW 

Temp 

Page 

Description 

Model 

Range 

max(%) 

(ppm/°C) 

max(%) min (dB) 

max (pV/°C) 

(kHz) 

Range (1> 

Pkg No. 

Noninverting 

PGA100G 

Gain set 

0.02 

10 

±0.005 

NA 

6typ 

5MHz 

Ind 

DIP 3-85 

Input 


word 1 , 2, 











4, 8.. .128 










PGA102G 

Gain set 

0.01 

20 

±0.01 


3.G-100 

250 

Ind 

DIP 3-93 


PGA102P 

with 2-bit 100 

l 0.02 

50 

±0.01 


3.G-100 

250 

Com 

DIP 3-93 

Instr. 

PGA200G 

Gain set 

0.02 

10 

±0.003 

96 

0.4,G=100 

30 

Ind 

DIP 3-103 

Amplifier 


word 1, 10, 








1 

Input 


100, 1000 








1 

Fast 

PGA202 

Gain set 

0.15 

5 

±0.012 

86 

±(3+25/G) 

1000 

Ind, Com DIP S3-60 

Settling 


wordl, 10, 









2ps to 0.01% 


100, 1000 









Differential 

PGA203 

Gain set 

0.15 

5 

±0.012 

86 

±(3+25/G) 

1000 

Ind, Com DIP S3-60 



word 1,2, 4,8 








Differential 

3606M 

Gain set 

0.02 

10 

±0.004 

90.G-1 

±(1+20/G) 

40 

Ind 

DIP 3-150 



word 1 , 2, 











4, 8.. .1024 










NOTES: (1) Com = 0°C to +70°C, Ind = -25°C to +85°C. (2) Set with external resistor. (3) Unity-gain. (4) Gain = 10 (5) No 
source imbalance. (6) DC to 60Hz, Gain = 10, 1 kO unbalanced. 


PRECISION TRANSMITTERS 


Input Parameters 


Offset Voltage Output Parameters 




Span 


vs 

CMR, 


Offset 

FS Output 



Untrimmed Non-lin- 

Temp 

Offset Temp 

DC, 

Current Current 

Current 




Error, 

earity, 

Drift 0 ’ Voltage max 

min 

Range 

Error, 

Error, 

Temp 

Page 

Description Model max (%) 

max (%) (ppm/°C) 

max (pV/°C) 

(dB) 

(mA) 

max (pA) max (pA) Range 2 ’ Pkg No. 

Two-Wire XTR101G‘ 5 >, L< 5 >-5 

0.01 

±100 

±30pV ±0.75 

90 

4-20 

±6 

±30 

Ind 

DIP 3-126 

XTR101P, U 

-5 

0.01 

±100 

±100pV ±1.5 

90 

4-20 

±19 

±60 

lnd (3) 

DIP, 3-126 
SOIC 3-126 

Two-Wire XTR103P 

-1 

0.01 

±25 

±50 ±1 

100 

4-20 

±10 

25 

lnd<*> 

DIP S3-83 

RTD XTR103U 

Linearity 

Compensation 

-1 

0.01 

±50 

±100 ±2 

90 

4-20 

±20 

±50 

Ind* 3 ’ 

SOIC S3- 83 

Two-Wire XTR104P 

-1 

0.01 

±25 

±50 ±1 

100 

4-20 

±10 

±25 

Ind* 3 ’ 

DIP S3-85 

Hi-Z Strain XTR104U 
Gage 

Linearity 

Compensation 

-1 

0.01 

±50 

±100 ±2 

90 

4-20 

±20 

±50 

Ind^ 

SOIC S3- 83 

Three- XTR110G 

0.2 

0.005 

30 





4-20, 

±16 

±32 

Ind 

DIP 3-139 

Wire and XTR110P, U 

0.6 

0.025 

50 

— — 

— - 

- 0-20, 

±64 

±96 

Com 

DIP 3-139 

Current 

Source 






5-25 (4) 




SOIC 3-139 


NOTES: (1) With zero TC span resistor. (2) Com = 0°C to +70°C, Ind = -25°C to +85°C. (3) -40°C to +85°C. (4) Many more 
ranges with appropriate circuit. (5) BS 9000 screening is available. 
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INSTRUMENTATION AMPLIFIERS GLOSSARY 

COMMON-MODE INPUT IMPEDANCE 

Effective impedance (resistance in parallel with capacitance) between either 
input of an amplifier and its common, or ground, terminal. 

COMMON-MODE REJECTION (CMR) 

When both inputs of a differential amplifier experience the same common- 
mode voltage (CMV), the output should, ideally, be unaffected. CMR is the 
ratio of the common-mode input voltage change to the differential input 
voltage (error voltage) producing the same output change: 

CMR (in dB) = 201og 10 CMV/Error Voltage 

Thus a CMR of 80dB means that IV of common-mode voltage will cause 
an error of lOOpV (referred to input). 

COMMON-MODE REJECTION RATIO (CMRR) 

Ratio of the differential voltage gain of an amplifier to its common-mode 
voltage gain. 

COMMON-MODE VOLTAGE (CMV) 

That portion of an input signal common to both inputs of a differential 
amplifier. Mathematically it is defined as the average of the signals at the 
two inputs: 

CMV = (e r +e 2 )/2 

FEEDBACK 

Return of a portion of the output signal from a device to the input of the 
device. 

FULL POWER FREQUENCY RESPONSE 

Maximum sinewave frequency at which a device can supply its peak-to- 
peak rated output voltage and current, without introducing significant 
distortion. 

GAIN 

Ratio of the output signal to the associated input signal of a device. 

GAIN ERROR 

Difference between the actual gain of an amplifier and the one predicted by 
the ideal gain expression. 

INPUT BIAS CURRENT 

DC input current required at each input of an amplifier to provide zero 
output voltage when the input signal and input offset voltage are zero. The 
specified maximum is for each input. 
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INPUT BIAS CURRENT DRIFT 

Rate of change of input bias current with temperature or time. 

INPUT GUARDING 

Use of an input shield that is sometimes driven to follow the voltage level 
of the input signal and, thereby, remove leakage and loss-inducing voltage 
differences between the input signal path and surrounding stray conduction 
paths. 

INPUT OFFSET CURRENT 

Difference of the two input bias currents in a differential amplifier. 


3 


INPUT OFFSET VOLTAGE 

DC input voltage required to provide zero voltage at the output of an 
amplifier when the input signal and input bias currents are zero. 

INPUT PROTECTION 

Means of protecting an input of a device from damage due to the application 
of excessive input voltage. 

INSTRUMENTATION AMPLIFIER 

Closed-loop, differential input, gain block exhibiting high input impedance 
and high common-mode rejection. Its primary function is to accurately 
amplify the voltage applied to its inputs. 

NONLINEARITY 

Peak deviation from a best-fit straight line (curve fitting on input/output 
graph) expressed as a percent of peak-to-peak full scale output. 

OVERLOAD RECOVERY TIME 

Time required for the output of an amplifier to return from saturation to 
linear operation, following the removal of an input overdrive signal. 

SETTLING TIME 

Time required, after application of a step input signal, for the output voltage 
to settle and remain within a specified error band around the final value. 

SLEW RATE 

Maximum rate of change of an output voltage when supplying the rated 
output. 
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Low Power 

INSTRUMENTATION AMPLIFIER 


FEATURES 

• LOW QUIESCENT CURRENT: 750^A max 

• INTERNAL GAINS: 1, 10, 100, 1000 

• LOW GAIN DRIFT: 5ppm/°C max 

• HIGH CMR: 90dB min 

• LOW OFFSET VOLTAGE DRIFT: 

2|iV/°C max 

• LOW OFFSET VOLTAGE: IOO^lV max 

• LOW NONLINEARITY: 0.01% max 

• HIGH INPUT IMPEDANCE: 10 10 £2 


APPLICATIONS 

• AMPLIFICATION OF SIGNALS FROM 
SOURCES SUCH AS: 

Strain Gages (Weigh Scale Applications) 

Thermocouples 

Bridge Transducers 

• REMOTE TRANSDUCER AMPLIFIER 

• LOW-LEVEL SIGNAL AMPLIFIER 

• MEDICAL INSTRUMENTATION 

• MULTICHANNEL SYSTEMS 

• BATTERY POWERED EQUIPMENT 


DESCRIPTION 

The INA102 is a high-accuracy monolithic instrumen- 
tation amplifier designed for signal conditioning 
applications where low quiescent power is desired. 
On-chip thin-film resistors provide excellent tempera- 
ture and stability performance. State-of-the-art laser- 
trimming technology insures high gain accuracy and 
common-mode rejection while avoiding expensive 
external components. These features make the INA102 
ideally suited for battery-powered and high-volume 
applications. 

The INA102 is also convenient to use. A gain of 1, 10, 
100, or 1000 may be selected by simply strapping the 
appropriate pins together. A gain drift of 5ppm/°C in 
low gains can then be achieved without external 
adjustment. When higher-than-specified CMR is 
required, CMR can be trimmed using the pins pro- 
vided. In addition, balanced filtering can be accom- 
plished in the output stage. 
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SPECIFICATIONS 


ELECTRICAL 

At T a = +25°C with ±15VDC power supply and in circuit of Figure 2 unless otherwise noted. 


PARAMETER 

CONDITIONS 

INA102AG 

INA102CG 

INA102KP/INA102AU 

UNITS 



MTtfM 




MTTB 

WCi 


GAIN 












Range of Gain 


1 


1000 

• 


* 

* 


• 

VA/ 

Gain Equation, External, ±20% 

G = 

1 + (40k/R a ) (1 > 


* 



* 


V/V 

Error, DC: G = 1 

T a . +25°C 



0.1 



0.05 



0.15 

% 

G = 10 

T a = +25°C 



0.1 



0.05 



0.35 

% 

G = 100 

T a = +25°C 



0.25 



0.15 



0.4 

% 

G = 1000 

T a = +25°C 



0.75 



0.5 



0.9 

% 

G = 1 

T a = T MIN t0 T max 



0.16 



0.08 



0.21 

% 

G = 10 

T a " T min t0 T max 



0.19 



0.11 



0.44 

% 

G = 100 

T a = T,„„ to T u .„ 



0.37 



0.21 



0.52 

% 

G = 1000 

T a = T MIN t0 T max 



0.93 



0.62 



1.08 

% 

Gain Temp. Coefficient 












G = 1 




10 



5 




ppm/°C 

G = 10 




15 



10 




ppm/°C 

G = 100 




20 



15 




ppm/°C 

G = 1000 




30 



20 




ppm/°C 

Nonlinearity, DC 












G = 1 

T a = +25°C 



0.03 



0.01 




% of FS 

G = 10 

T A = +25°C 



0.03 



0.01 




% of FS 

G = 100 

T A = +25°C 



0.05 



0.02 




% of FS 

G = 1000 

T a = +25°C 



0.1 



0.05 




% of FS 

G = 1 

\ = T Min to T^ 



0.045 



0.015 




% of FS 

G = 10 

T a = T m.n t0 



0.045 



0.015 




% of FS 

G = 100 

T a = T M1N to 



0.075 



0.03 




% of FS 

G = 1000 

T A = T„ 1N toT^ 



0.15 



0.1 




% of FS 

| RATED OUTPUT | 

Voltage 

R, = 1 0kO ±(|V cc |-2.5) 


* 



* 



V 

Current 


±1 



* 



* 



mA 

Short-Circuit Current' 2 ’ 



2 



* 



* 


mA 

1 Output Impedance, G = 1000 


0.1 



• 



* 


a 

| INPUT | 

OFFSET VOLTAGE 




1 


1 




Initial Offset 13 ’ 

T a = +25°C 


±300 ±300/G 

±100 ±200/G 


* 

pV 

INA102AU 







I 

±500 ±300/G uV 

vs Temperature 




±5 ±10/G 



±2 ±5/G 1 


* 

pV/°C 

vs Supply 



±40 ±50/G 



1:10 ±20/G 




pV/V 

vs Time 


± 

20 + 30;G) 


* 



* 


pV/mo 

BIAS CURRENT 












Initial Bias Current 












(Each Input) 



25 

50 


6 

30 


* 

* 

nA 

vs Temperature 



±0.1 



* 



* 


nA/°C 

vs Supply 



±0.1 



* 



* 


nA/V 

Initial Offset Current 

T a = T M1N to T^ 


±2.5 

±15 


±2.5 

±10 


* 

* 

nA 

vs Temperature 



±0.1 



* 



* 


nA/°C 

IMPEDANCE 












Differential 



10’° i| 2 



* 



* 


Q|| pF 

Common-Mode 



10 10 1| 2 



* 



* 


fill PF 

VOLTAGE RANGE 












Range, Linear Response 

T a - T M1N to Tyjjx ±(|V CC ! - 4.5) 


* 



* 



V 

CMR With IkQ Source Imbalance 











G = 1 

DC to 60 Hz 

80 

94 


90 

* 


75 

* 


dB 

G = 10 

DC to 60Hz 

80 

100 


90 

* 


• 

* 


dB 

G = 10 to 1000 

DC to 60Hz 

80 

100 


90 

* 


* 

* 


dB 

NOISE 












Input Voltage Noise 












f a = 0.01Hz to 10Hz 



1 



* 



* 


pVp-p 

Density, G = 1000: f Q = 10Hz 


30 



* 



* 


nV/VHz 

f Q = 100Hz 


25 



* 



* 


nV/VHz 

f Q = 1kHz 


25 



* 



* 


nV/VHz 

Input Current Noise 












f B = 0.01Hz to 10Hz 



25 



* 



* 


pAp-p 

Density: f 0 = 10Hz 



0.3 



* 



* 


pA/VHz 

f 0 = 100Hz 



0.2 



* 



* 


pA/VHz 

f Q » 1kHz 



0.15 



* 



* 


pA/VHz 
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ELECTRICAL (CONT) 




INA102AG 

INA102CG 

INA102KP/INA102AU 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

| DYNAMIC RESPONSE | 

Small Signal 
±3dB Flatness 

Vqut = O.IVrms 











G = 1 


300 



* 



* 


kHz 

G = 10 



30 



* 



* 


kHz 

G = 100 



3 



* 



* 


kHz 

o 

o 

o 

II 

0 



0.3 



* 



* 


kHz 

Small Signal, 

±1% Flatness 

V OUT a O.IVrms 











G = 1 


30 








kHz 

G = 10 



3 








kHz 

G = 100 



0.3 








kHz 

G = 1000 



0.03 








kHz 

Full Power, G = 1 to 100 

V OUT = 10V, R l = 10kO 

1.7 

2.5 


* 



* 



kHz 

Slew Rate, G = 1 to 100 

Vqut = 10V, R L . 10kQ 

0.1 

0.15 


* 



* 



V/ps 

Settling Time 

R l = 10kO, C L = lOOpF 











0.1%: G = 1 

10V Step 


50 








ps 

G = 100 



360 








ps 

G = 1000 



3300 








ps 

0.01%: G = 1 

10V Step 


60 








ps 

G = 100 



500 



* 





ps 

G = 1000 



4500 








ps 

| POWER SUPPLY | 

Rated Voltage 



±15 



* 



* 


V 

Voltage Range 

Quiescent Current 

o < 

o 

< 

±3.5 


±18 







V 


T a = T M1N to T max 


±500 

±750 


* 

* 


* 

* 

pA 

| TEMPERATURE RANGE | 

Specification 


-25 


+85 

* 


* 

0 


+70 

°C 

INA102AU 








-25 


+85 

°C 

Operation 

R l > 50k£2< 2 > 

-25 


+85 

* 


* 

-25 


+85 

°c 

Storage 


-65 


+150 

* 


* 

-55 


+125 

°C 


‘Specification same as for INA102AG. 

NOTES: (1 ) The internal gain set resistors have an absolute tolerance of ±20%; however, their tracking is 50ppm/°C. R G will add to the gain error if gains other than 
1, 10, 100 or 1000 are set externally. (2) At high temperature, output drive current is limited. An external buffer can be used if required. (3) Adjustable to zero. 


PIN CONFIGURATION ABSOLUTE MAXIMUM RATINGS 


Offset Adjust | 1 

r— i 







W:' 

x 1000 Gain j 4 


13 j Filter 

x 1000 Gain Sense | 5 


+Vcc 

Gain Sense | 6 


11 | Output 

Gain Set | 7 


10 | Common 

CMR Trim |_8_ 


T] -v cc 


Supply 

±1 8 V 

Input Voltage Range 

±v cc 

Operating Temperature Range 

-25°C to +85°C 

Storage Temperature Range: Ceramic 

-65°C to +150°C 

Plastic, SOIC .... 

-55°C to +125°C 

Lead Temperature (soldering, 10s) 

+300°C 

Output Short-Circuit Duration 



ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMPERATURE RANGE 

INA102AG 

INA102CG 

INA102KP 

INA102AU 

Ceramic DIP 
Ceramic DIP 
Plastic DIP 
Plastic SOIC 

— 25°C to +85°C 
-25°C to +85°C 

0°C to +70°C 
— 25°C to +85°C 
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MECHANICAL 



IE1 

■mssi 

CMSaEia 

EM 

EM 

EM 

MI3IH 

esb 

M 

EM 

Kill 

wmm 

eeb 

KB 

MUM 

warn 


mwm 

HUH 

KIEM 

■w 

EEB 

MEM 

eb 

El 

KM 


BIB 

EB 


KSEMV 

KB 






KM 



EES 

KB 

BEM 


EM 

ESI 

KB 

KH 

■a? mm 

KB 


mm 

■SB 

KB 

KB 

KEM 

KM 

Mtell 

MEM 


NOTE: Leads in 
true position within 
0.010" (0.25mm) 

R at MMC at 
seating plane. 


J 


P Package — 16-Pin Plastic DIP 




INCHES 


DIM 

MIN 

MAX 

MIN 

MAX 

,BB 

KM 

B:r«SB 

BMM1 

1W1 

'KB 

K 

KB 

■nfeBl 

■EE1 

B 


KM 

EBB 

7.38 

EB 

El 



6.36 

KB 

RM 

ESI 

ES3I 

5.09 

D 

KM 

BM 

K?:l 

0.59 

KB 

BiBlM 

WMil 

WSM 

Bf/IN 

KB 

BMlrMKf 

2.54 BASIC 

H 

0.20 

.050 

0.51 

1.27 

J 

.008 

.015 

0.20 

0.38 

KB 

BS7B 

ii?l 

KM 

3.82 

ri 

mai 

mssammi 

wru 

0° 

MUM- 

0° 

15° 1 

KB 

KIM 

MM 

BUM 

WtWlM 

LP 

.025 

.050 

0.64 



NOTE: Leads in 
true position within 
0.010" (0.25mm) R 
at MMC at seating 
plane. 


U Package — 16-Pin SOIC 


r~ 

INCHES 

■alaiai^si 

EM 

I'M SI 

mm 



A 

El 

mm 

IBIM 

irrc-u 

Ai 

KM 

mm 

MM 

If»TM 

KB 

EM 

KM 

w*m 

mm 

nr- 

KM 

MM 

eeb 

PAM 

■M 

EM 

■ItM 

MEM 

Ur/1 

ro 

KIM 

KM 

MMa 'M 

EM 

EM 

.0.50 BASIC 

1.27 BASIC 1 

kb 

MM 

BSB 


EBB 

J 

.008 

.012 

0.20 

0.30 

L 

.391 

.421 

9.93 

10.69 

'EM 

BES 

EBB 

5°TYP | 

u S_ 


KIM 

CEB EEB 




NOTE: Leads in 
true position within 
0.010" (0.25mm) R 
at MMC at seating 
plane. 
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Quiescent Current (pA) Common- Mode Rejection (dB) Common-Mode Rejection (dB) 
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TYPICAL PERFORMANCE CURVES 

At +25°C and in circuit of Figure 2 unless otherwise noted. 


COMMON-MODE REJECTION vs SOURCE IMBALANCE 



GAIN vs FREQUENCY 



Frequency (Hz) 



1 10 100 Ik 

Frequency (Hz) 



O 



0 1 2 3 4 5 


Time (ms) 


QUIESCENT CURRENT vs SUPPLY 


900 

800 


300 


100 


v 0 = 10V 
(no load) 



012 3 4 5 6 7 8 


Supply Voltage (V) 


Time (ms) 
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TYPICAL PERFORMANCE CURVES (CONT) 

At +25°C and in circuit of Figure 2 unless otherwise noted. 


SETTLING TIME vs GAIN PEAK-PEAK VOLTAGE NOISE vs GAIN 



1 10 100 1000 1 10 100 1000 
Gain (V/V) Gain (V/V) 



DISCUSSION OF PERFORMANCE 


INSTRUMENTATION AMPLIFIERS 

Instrumentation amplifiers are differential-input closed-loop 
gain blocks whose committed circuit accurately amplifies the 
voltage applied to their inputs. They respond mainly to the 
difference between the two input signals and exhibit ex- 
tremely high input impedance, both differentially and com- 
mon-mode. The feedback network of this instrumentation 
amplifier is included on the monolithic chip. No external 
resistors are required for gains of 1, 10, 100, and 1000 in the 
INA102. 

An operational amplifier, on the other hand, is an open-loop, 
uncommitted device that requires external networks to close 
the loop. While op amps can be used to achieve the same 
basic function as instrumentation amplifiers, it is very diffi- 
cult to reach the same level of performance. Using op amps 
often leads to design tradeoffs when it is necessary to amplify 
low-level signals in the presence of common-mode voltages 
while maintaining high-input impedances. Figure 1 shows a 
simplified model of an instrumentation amplifier that elimi- 
nates most of the problems associated with op amps. 



FIGURE 1. Model of an Instrumentation Amplifier. 
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THE INA102 

A simplified schematic of the INA102 is shown on 
the first page. A three-amplifier configuration is used to 
provide the desirable characteristics of a premium perform- 
ance instrumentation amplifier. In addition, INA102 has 
features not normally found in integrated circuit instrumen- 
tation amplifiers. 

The input buffers (A t and A 2 ) incorporate high performance, 
low-drift amplifier circuitry. The amplifiers are connected in 
the noninverting configuration to provide the high input im- 
pedance (10 10 Q) desirable in instrumentation amplifier ap- 
plications. The offset voltage, and offset voltage versus 
temperature, are low due to the monolithic design, and im- 
proved even further by state-of-the-art laser-trimming tech- 
niques. 

The output stage (A 3 ) is connected in a unity-gain differen- 
tial amplifier configuration. A critical part of this stage is the 
matching of the four 20k£2 resistors which provide the 
difference function. These resistors must be initially well 
matched and the matching must be maintained over tempera- 
ture and time in order to retain good common-mode rejec- 
tion. 

All of the internal resistors are made of thin-film nichrome 
on the integrated circuit. The critical resistors are laser- 
trimmed to provide the desired high gain accuracy and 
common-mode rejection. Nichrome ensures long-term sta- 
bility and provides excellent TCR and TCR tracking. This 
provides gain accuracy and common-mode rejection when 
the INA102 is operated over wide temperature ranges. 

USING THE INA102 

Figure 2 shows the simplest configuration of the INA102. 
The output voltage is a function of the differential input 
voltage times the gain. 

A gain of 1 , 10, 100, or 1000 is selected by programming pins 
2 through 7 (see Table I). Notice that for the gain of 1000, a 
special gain sense is provided to preserve accuracy. Al- 
though this is not always required, gain errors caused by 
external resistance in series with the low value 40.04Q 
internal gain set resistor are thus eliminated. 



FIGURE 2. Basic Circuit Connection for the INA102. 
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Other gains between 1 and 10, 10 and 100, and 100 and 1000 
can also be obtained by connecting an external resistor 
between pin 6 and either pin 2, 3, or 4, respectively (see 
Figure 6 for application). 

G = 1 + (40/R g ) where R G is the total resistance between the 
two inverting inputs of the input op amps. At high gains, 
where the value of R G becomes small, additional resistance 
(i.e., relays or sockets) in the R c circuit will contribute to a 
gain error. Care should be taken to minimize this effect. 

OPTIONAL OFFSET ADJUSTMENT PROCEDURE 

It is sometimes desirable to null the input and/or output offset 
to achieve higher accuracy. The quality of the potentiometer 
will affect the results; therefore, choose one with good tem- 
perature and mechanical-resistance stability. 

The optional offset null capabilities are shown in Figure 3. R 4 
adjustment affects only the input stage component of the 
offset voltage. Note that the null condition will be disturbed 
when the gain is changed. Also, the input drift will be 
affected by approximately 0.31|iV/°C per lOOfiV of input 
offset voltage that is trimmed. Therefore, care should be 
taken when considering use of the control for removal of 
other sources of offset. Output offset correction can be ac- 
complished with A,, Rj, R 2 , and R 3 , by applying a voltage to 
Common (pin 10) through a buffer amplifier. This buffer 
limits the resistance in series with pin 10 to minimize CMR 
error. Resistance above 0.1Q will cause the common-mode 
rejection to fall below lOOdB. Be certain to keep this resist- 
ance low. 

It is important to not exceed the input amplifiers’ dynamic 
range. The amplified differential input signal and its associ- 
ated common-mode voltage should not cause the output of 
Aj or A 2 to exceed approximately ±12V with +15V supplies, 


GAIN 

CONNECT PINS 

1 

6 to 7 

10 

2 to 6 and 7 

100 

3 to 6 and 7 

1000 

4 to 7 and separately 5 to 6 


TABLE I. Pin-Programmable Gain Connections. 



FIGURE 3. Optional Offset Nulling. 
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or nonlinear operation will result. To protect against mois- 
ture, especially in high gain, sealing compound may be used. 
Current injected into the offset pins should be minimized. 



FIGURE 4. Optional Circuit for Externally Trimming CMR. 


OPTIONAL FILTERING 

The INA102 has provisions for accomplishing filtering with 
one external capacitor between pins 11 and 13. This single- 
pole filter can be used to reduce noise outside the signal 
bandwidth, but with some degradation to AC CMR. 

When it is important to preserve CMR versus frequency 
(especially at 60Hz), two capacitors should be used. The 
additional capacitor is connected between pins 8 and 10. This 
will maintain a balance of impedances in the output stage. 
Either of these capacitors could also be trimmed slightly, to 
maximize CMR, if desired. Note that their ratio tracking will 
affect CMR over temperature. 

OPTIONAL COMMON-MODE REJECTION TRIM 

The INA102 is laser-adjusted during manufacturing to assure 
high CMR. However, if desired, a small resistance can be 
added in series with pin 10 to trim the CMR to an improved 
level. Depending upon the nature of the internal imbalances, 
either positive or negative resistance value could be required. 
The circuit shown in Figure 4 acts as a bipolar potentiometer 
and allows easy adjustment of CMR. 



FIGURE 5. Amplification of a Differential Voltage from a Resistance Bridge. 


+15V 



e 0UT = G (Ae IN ) R y = 4.4kft, 404ft, or 40ft in gains Note: Gain drift will be higher than that 

G = 1 + (40K/[R q + R y ]) of 10, 100, or 1000 respectively. specified with internal resistors only. 

R g = f40k - R y [G - 1])/(G - 1) 


FIGURE 6. Amplification of a Transformer-Coupled Analog Signal Using External Gain Set. 

Burr-Brown IC Data Book Supplement, Vol. 33b 


3-17 


INSTRUMENTATION AMPLIFIERS □ INA102 










For Immediate Assistance, Contact Your Local Salesperson 


TYPICAL APPLICATIONS 

Many applications of instrumentation amplifiers involve the 
amplification of low-level differential signals from bridges 
and transducers such as strain gages, thermocouples, and 
RTDs. Some of the important parameters include common- 
mode rejection (differential cancellation of common-mode 
offset and noise, see Figure 1), input impedance, offset 


voltage and drift, gain accuracy, linearity, and noise. The 
INA102 accomplishes all of these with high precision at 
surprisingly low quiescent current. However, in higher gains 
(>100), the bias current can cause a large offset error at the 
output. This can saturate the output unless the source imped- 
ance is separated, e.g., two 500kQ paths instead of one 1MQ 
unbalanced input. Figures 5 through 16 show some typical 
applications circuits. 



FIGURE 7. Isolated Thermocouple Amplifier with Cold Junction Compensation. 



FIGURE 8. ECG Amplifier or Recorder Preamp for Biological Signals. 
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FIGURE 9. Single Supply Low Power Instrumentation Amplifier. 




FIGURE 11. Multiple Channel Precision Instrumentation Amplifier with Programmable Gain. 
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FIGURE 12. 4mA to 20mA Bridge Transmitter Using Single Supply Instrumentation Amplifier. 



FIGURE 13. Programmable-Gain Instrumentation Amplifier Using the INA102 and PGA102. 



FIGURE 14. Ground Resistance Loop Eliminator (INA102 senses and amplifies Vj accurately). 
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FIGURE 15. Differential Input/Differential Output Amplifier (twice the gain of one INA). 



FIGURE 16. Auto-Zeroing Instrumentation Amplifier Circuit. 
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Low Noise, Low Distortion 
INSTRUMENTATION AMPLIFIER 


FEATURES 

• LOW NOISE : InV/VHz 

• LOW THD : <0.002% typ 20Hz-20kHz, 
G = 1 to 100 

• HIGH GBW: 100MHz at G = 1000 

• WIDE SUPPLY RANGE: ±9V to ±25V 

• HIGH CMRR: >110dB 

• BUILT-IN GAIN SETTING RESISTORS: 
G = 1, 100 

• UPGRADES AD625 


APPLICATIONS 

• HIGH QUALITY MICROPHONE PREAMPS 
(REPLACES TRANSFORMERS) 

• MOVING-COIL PREAMPLIFIERS 

• DIFFERENTIAL RECEIVERS 

• AMPLIFICATION OF SIGNALS FROM 
SOURCES SUCH AS: 

Strain Gages (Weigh Scale Applications) 

Thermocouples 

Bridge Transducers 


DESCRIPTION 

The INA103 is an extremely low noise, low distor- 
tion monolithic instrumentation amplifier which is 
especially suitable for amplification of low level 
signals in audio systems. Input circuitry provides 
near-theoretical limit noise performance for 2000 
source impedances. A unique distortion-cancellation 
network in the input stage reduces THD to extremely 
low levels. 

The INA103 is equally well-suited to preamplifica- 
tion and signal conditioning applications where low 
noise is required. In many cases, transformer cou- 
pling can be replaced by the INA103 to reduce cost 
and improve performance in signal conditioning 
systems. 

The wide supply range (±9V to ±25 V) of the INA103 
increases its versatility. A copper lead frame in the 
plastic DIP package assures excellent thermal per- 
formance. 


The INA103 pin configuration is compatible with the 
AD625. In many applications, the INA103 can replace 
the AD625 for improved performance. The INA103 is 
available in 16-pin DIP packages specified for the 
commercial (plastic DIP) and industrial (ceramic DIP) 
temperature ranges. 

Offset Offset 
-Gain Drive Null Null 


-Input 
-Gain Sense 


G = 100 

+Gain Sense 



A 3 >— |io| Output 
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SPECIFICATIONS 


ELECTRICAL 

All specifications at T A = +25°C, V s = ±15V and R L = 2k£2, unless otherwise noted. 


PARAMETER 

CONDITIONS 

INA103AG 

INA103BG 

INA103KP 

UNITS 

m 

wnm 






c 


GAIN 












Range of Gain 


i 


1000 

* 


* 

* 


* 

v/v 

Gain Equation (1) 


G 

1 + 6kG/R Q 


* 



* 


v/v 

Gain Error, DC G = 1 

±10V Output 


0.005 

0.05 


0.003 

0.01 


• 

* 

% 

o 

o 

ii 

0 



0.05 

0.25 


0.04 

0.1 


0.07 

* 

% 

Eq. 



0.5 



0.1 





% 

Gain Temp. Co. G = 1 

±10V Output 


10 



* 





ppm/°C 

G = 100 



25 



* 





ppm/°C 

Eq. 



25 



* 





ppm/°C 

Nonlinearity, DC G = 1 

±10V Output 


0.0003 

0.01 


0.0002 

0.002 



* 

% of FS < 2 ' 

G = 100 



0.0006 

0.01 


0.0006 

0.004 



* 

% of FS 

| OUTPUT 1 

Voltage, R u = 6000 


±11.5 

±12 


* 

* 


* 

* 


V 

R l = 6000 

V s = ±25. T a = 25°C 

±20 

±21 


* 

* 


* 

* 


V 

Current 


±40 



* 



* 



mA 

Short Circuit Current 



±70 



* 



* 


mA 

Capacitive Load Stability 



10 



* 



* 


nF 

| INPUT 1 

OFFSET VOLTAGE 












Initial Offset RTI < 3 > 



{20 + 

(100 + 


(20 + 

(50 + 


(30 + 






700/G) 

5000/G) 


320/G) 

2000/G) 


1200/G) 


pV 

vs Temp G = 1 to 1000 

T, = T lllw to T„. v 


).5 + 20/C 



).5 + 10/G 

0.5 + 20/G 

pV/°C 

G = 1000 

L = T min to T max 


0.5 



0.2 



* 


pV/°C 

vs Supply 

±9V to ±25V 


0.2 + 8/G 

4 + 60/G 


* 

2 + 30/G 



* 

pV/V 

BIAS CURRENT 












Initial Bias Current 



2.5 

12 


* 

8 


* 

* 

pA 

vs Temp 

T a = T m,n ^ T max 


15 



* 

40 w 




nA/°C 

Initial Offset Current 



0.04 

1 


0.03 

0.5 


* 

* 

pA 

vs Temp 

T a = T m.n t0 T max 


0.5 



* 

2.5 w 


* 


nA/°C 

IMPEDANCE 












Differential Mode 



60 || 2 



* 



* 


M£2 || pF 

Common-Mode 



60 || 5 



* 



* 


MG || pF 

VOLTAGE RANGE 












Range, Linear Response 

Common Mode (5) 

±11 

±12 



* 


* 

* 


V 

CMR 












G = 1 

DC to 60Hz 

72 

86 


80 

91 


* 

* 


dB 

G = 100 

DC to 60 Hz 

100 

125 


110 

129 


* 

* 


dB 




■| 


■ 

: Hj 

■ 


■ 

■■ 

M| ■ 






■ 

■ 











■ 

H 






nV/VHz 





■ 







nV/VRz 



H 


■ ■ 

■ 

■ ■ 




H 

nV/VHz 

Current 


m 


mi 

mi 






pA/^Hz 

OUTPUT 




■ 








Voltage 

1kHz 



■ 


* 



• 


nV/VHz 

A Weighted, 20Hz-20kHz 

20Hz-20kHz 

mi; 


imi 


• 



* 


dBu 

| DYNAMIC RESPONSE | 

-3dB Bandwidth: G = 1 

Small Signal 


6 








MHz 

G = 100 

Small Signal 


800 








kHz 

Full Power Bandwidth 

G = 1 












V^ = ±10V, R l = 600Q 


240 








kHz 

Slew Rate 

G = 1 to 500 


15 








V/ps 

THD + Noise 

G = 100, f « 1kHz 


0.0009 








% 

Settling Time 0.1% 












G = 1 

V D = 20V Step 


1.7 






* 


ps 

G = 100 



1.5 








ps 

Settling Time 0.01% 












G = 1 

V Q = 20V Step 


2 






* 


ps 

G = 100 



3.5 






* 


ps 

Overload Recovery <7 > 

50% Overdrive 


1 






* 


ps 


*Same specification as INA103AG. 

NOTES: (1 ) Gains other than 1 and 1 00 can be set by adding an external resistor, R G between pins 2 and 1 5. Gain accuracy is a function of R G . (2) FS = Full Scale. 
(3) Adjustable to zero. (4) Guaranteed but not tested. (5) V 0 = 0V, see Typical Curves for V CM vs V 0 . (6) V N0ISERTI = VV N 1NPUT + (V NOaTPUT 7Gain) 2 + 4KTR Q . See Typical 
Curves. (7) Time required for output to return from saturation to linear operation following the removal of an input overdrive voltage. 
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SPECIFICATIONS (CONT) 


ELECTRICAL 

All specifications at T A = +25°C, V s = ±15V and R L = 2kO, unless otherwise noted. 




INA103AG 

INA103BG 

INA103KP 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

POWER SUPPLY | 

Rated Voltage 



±15 



* 



* 


V 

Voltage Range 


±9 


±25 

* 


* 

* 


*. 

V 

Quiescent Current 



9 

12.5 


* 

* 


* 

* 

mA 

TEMPERATURE RANGE | 

Specification 


-25 


+85 

* 


* 

0 


+70 

°C 

Operation 


-55 


+125 

* 


* 

-40 


+85 

°c 

Storage 


-65 


+150 

* 


* 

-40 


+100 

°c 

Thermal Resistance, 0 AK 



100 



* 



* 


°c/w 


MECHANICAL 
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PIN CONFIGURATION 


+ Input | 1 

— ^ — 

16 

- Input 

+ Gain Sense 1 2 


15 

- Gain Sense 

+ Offset Null | 3 


14 

G = 100 

-Offset Null | 4 


13 

-Rq 

+ Gain Drive | 5 


12 

- Gain Drive 

+R g Gl 


11 

Sense 

Ref [T 


10 

Output 

V- [V 


9 

V+ 


ABSOLUTE MAXIMUM RATINGS 


Supply ±25V 

Input Voltage Range, Continuous ±V a 

Operating Temperature Range: 

P Package -40°C to +85°C 

G Package -55°C to +125°C 

Storage Temperature Range: 

P Package -40°C to ±100°C 

G Package -65°C to ±150°C 

Junction Temperature: 

P Package +125°C 

G Package +150°C 

Lead Temperature (soldering, 10s) +300°C 

Output Short Circuit to Common Continuous 


ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMP RANGE 

INA103AG 

INA103BG 

INA103KP 

Ceramic DIP 
Ceramic DIP 

Plastic DIP 

-25°C to +85°C 
-25°C to +85°C 

0°C to +70°C 


TYPICAL 

PERFORMANCE CURVES 

At T a = +25°C, V s =» ±15V unless otherwise noted. 



±5 ±10 ±15 ±20 ±25 

Power Supply Voltage (V) 



±5 ±10 ±15 ±20 ±25 

Power Supply Voltage (V) 


MAX COMMON-MODE VOLTAGE 



Output Voltage (V) 
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Input Bias Current (pA) Output Voltage (V) 
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TYPICAL PERFORMANCE CURVES (CONT) 

At T a = +25°C, V s = ±15V unless otherwise noted. 



0 200 400 600 800 IK 

Load Resistance {Cl) 




9 10 15 20 25 

Power Supply Voltage (±V) 



-55 0 50 100 125 

Temperature (°C) 


0 
> 

1 
O 


SMALL SIGNAL TRANSIENT RESPONSE 
(G = 1) 


SMALL SIGNAL TRANSIENT RESPONSE 
(G = 1 00) 



Time (ps) 


Time (ps) 
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TYPICAL PERFORMANCE CURVES (CONT) 

At T a = +25°C, V s = ±15V unless otherwise noted. 


LARGE SIGNAL TRANSIENT RESPONSE 
(G = 1) 



Time (ps) 


LARGE SIGNAL TRANSIENT RESPONSE 
(G= 100) 



Time (ps) 




10 100 Ik 10k 100k 1M 10M 



10 100 Ik 10k 


Frequency (Hz) 


Frequency (Hz) 
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Power Supply Rejection (dB) Common-Mode Rejection (dB) 
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TYPICAL PERFORMANCE CURVES (CONT) 

At T a = +25°C, V s = ±15V unless otherwise noted. 



10 100 Ik 10k 100k 1M 

Frequency (Hz) 



Frequency (Hz) 



V- POWER SUPPLY REJECTION 



1 10 100 Ik 10k 100k 1M 


Frequency (Hz) 


Frequency (Hz) 


x 0.010 


0.001 

0.0005 


THD + N vs LEVEL 



= ~ 

■=1 L. Ei. ■- 





— 

— 

— 


> 

V 




^ =■■ :■ 

-V- 

S ■■■ 


; 

— 


- 

■ ■■ ■ ' ■ 

— 



\ 




= = .. 

— X- 


r 

— 

L, — 

— 

X— g - 1 






j " 












— — ■ — E E 

Weeeeee 

=== = \ 

F 


-60 -45 -30 -15 0 

Output Amplitude (dBu) 


15 


THD + N vs LOAD 



r load ( ft ) 
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TYPICAL PERFORMANCE CURVES (CONT) 

At T a = +25°C, V s = ±15V unless otherwise noted. 



5 


1 


0.1 


0.010 


0.001 
0.0005 

-60 -50 -40 -30 -20 -10 0 10 20 

Output Amplitude (dBu) 


SMPTE IMD vs AMPLITUDE 


£*35 




■5551 




§gs 


MS 


■I 

■ 


HI 



pi 





=1 





KS 

■ 

■ 

11 





ZSSS 

55 


sssi 





■» 

mi 



■ 





56 

— 

BIBi 

nj 

g£gjfS 





gjg 


fS 

18S! 





wm 

SHft 


32M\ 


SMPTE IMD vs FREQUENCY 
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DISCUSSION 
OF PERFORMANCE 

A simplified diagram of the INA103 is shown on the first 
page. The design uses a current feedback architecture which 
can be thought of as a classical three-op-amp instrumentation 
amplifier. The input stage (A t and A 2 ) incorporates wide- 
band width, low noise, low drift amplifier circuitry. The 
unity-gain difference amp removes the common-mode signal 
from this input stage output signal, giving a single-ended 
output referred to the potential at the reference pin. 

The Gain vs Frequency performance (shown in the Typical 
Performance Curves) illustrates the advantage of the circuit 
topology used in the INA103: bandwidth remains nearly 
constant over gain ranges from 1 to 100. This yields a gain- 
bandwidth product (GBW) of >100MHz at G = 1000. Gain- 
related errors are greatly reduced due to this high GBW. A 
distortion cancellation input stage and improved output stage 
reduce THD + N to less than 0.002% from 20Hz to 20kHz. 
The output can drive 2000 loads with no crossover distortion 
(at 1kHz). 

These performance advantages make the INA103 ideal for 
instrumentation amplifier applications which require low 
noise, excellent dynamic and spectral response, and wide 
bandwidth. 

BASIC POWER SUPPLY 
AND SIGNAL CONNECTIONS 

Figure 1 shows the proper connections for power supply and 
signal. Supplies should be decoupled with lpF tantalum 
capacitors as close to the amplifier as possible. To avoid gain 
and CMR errors introduced by the external circuit, connect 
grounds as indicated, being sure to minimize ground resis- 
tance. Resistance in series with the reference (pin 7) or the 
sense (pin 1 1) will degrade CMR. Also, to maintain stability, 
avoid capacitance from the output to the gain set, offset 
adjust, and input pins. A suggested PC board layout is shown 
in Figure 2. 
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FIGURE 2. Suggested PC Board Layout for INA103. (Not 
Available from Bunr-Brown). 


OFFSET ADJUSTMENT 

As with all instrumentation amplifiers, voltage offsets occur 
in both the input and output stages of the INA103. Input- 
referred voltage offsets are multiplied by the overall gain of 
the IA. Output-referred offsets are multiplied by the gain of 
the output stage (usually gain =1). Input and output voltage 
offsets are actively laser-trimmed to near zero at the factory. 
Applications which require user voltage offset adjustment 
can employ one of the methods discussed below. 

Output voltage offset can be adjusted using the null pins on 
the INA103, as shown in Figure 3. Although the null pins 
primarily adjust the output offset, they also have a small 
effect on the input offset. For lmV of output offset change, 
the input offset will change approximately ljiV. Also, offset 
adjustment using the null pins will change the offset voltage 
drift of the INA103. For lmV of offset change, the output 
offset drift changes by 3|iV/°C. The change in input offset 
drift is negligible. 



FIGURE 3. Offset Adjustment Circuit. 
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For output voltage offset adjustment with no effect on volt- 
age offset drift or input voltage offset, use the circuit shown 
in Figure 4. 

The INA103 has no trim pins for input offset adjustment. 
However, in AC coupled applications, input offset adjust- 
ment can be accomplished using the circuit shown in Figure 
5. 

The circuit shown in Figure 6 will provide automatic DC 
restoration for the Figure 5 circuit. The low frequency roll- 
off of this circuit is a function of the IA gain. 

f_ 3dB = gain/(12 * k • R • C). 

The circuit shown in Figure 7 can also be used for V QS 
adjustment in floating source applications as long as the 
source impedance is greater than 10Q. If the source imped- 
ance is less than 10£2, the offset range may not be adequate 
to trim out the maximum input-referred V os of the INA103. 




FIGURE 5. Input Offset Adjustment for AC-Coupled Inputs. 




FIGURE 7. Input Offset Adjustment for Floating Source. 


GAIN SELECTION 

Gain selection is accomplished by strapping together the 
appropriate pins on the INA103. Table I shows possible 
gains from the internal resistors. To use the internal feedback 
resistors, connect pin 13 to pin 15, and pin 2 to pin 6. Keep 
the connections as short as possible to maintain accuracy. 

Gains other than 1 and 100 can be set by adding an external 
resistor, R G , as shown in Figure 8. Gain accuracy is a function 
of resistor matching. For internal gains, accuracy is as shown 
in Table I. For external R 0 , accuracy is a function of the 
external resistor accuracy, internal feedback resistor accu- 
racy (typically 0.1%) and interconnection resistance (typi- 
cally 0.1Q). The equation for choosing R c is shown below: 


where G is the gain value in V/V. 


GAIN 

CONNECT PIN 14 TO 

GAIN ACCURACY (%) 

1 

None 

0.01 

100 

Pin 2 

0.1 


TABLE I. Internal Gain Connections. 
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FIGURE 8. Gain Setting Using External Resistor. 



FIGURE 9. Gain Adjustment of Output Stage. 



FIGURE 10. INA103 Overload Condition Performance. 


(a) AD625 G = 1 , V 1N = ±1 5V, R L = 6000 


(b) INA103 G = 1. V IN = ±15V, R l = 6000 


A common problem with many 1C op amps and instrumentation amplifiers is shown in (a). Here, the amplifier’s input is driven beyond its linear common mode 
range, forcing the output of the amplifier into the supply rails. The output then “folds back", i.e., a more positive input voltage now causes the output of the amplifier 
to go negative. The INA103 has protection circuitry to prevent fold-back, and as shown in (b), limits cleanly. 


COMMON-MODE INPUT RANGE 

For low distortion, the differential input signal and its com- 
mon-mode voltage must not cause the input amplifiers’ out- 
puts to exceed their linear output range (See Max Common- 
Mode Voltage vs Output Voltage curve). This can be avoided 
by reducing the input stage gain and increasing the output 
stage gain as shown in Figure 9. This is also useful for 
increasing total gain. 

Unlike some instrumentation amplifiers, the INA103 will 
limit cleanly under overload conditions. See Figure 10. 

OPTIONAL COMMON-MODE REJECTION TRIM 

The INA103 is laser-adjusted during manufacturing to assure 
high CMR. However, if desired, the circuit shown in Figure 
1 1 may be used to trim the CMR. Note that an approximate 
+0.2% gain error is induced. 
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OUTPUT SENSE 

An output-sense terminal allows greater accuracy in connect- 
ing the load. By attaching this feedback point at the load, IR 
drops due to load currents are eliminated since they are inside 
the feedback loop. Proper connection is shown in Figure 1 . 
When more output current is needed, a power booster can be 
placed within the feedback loop as shown in Figure 12. 
Buffer errors are . reduced by the loop gain of the output 
amplifier. 


INPUT IMPEDANCE AND 
PROTECTION CONSIDERATIONS 

As with any low noise circuit, careful layout and power 
supply bypassing is necessary to prevent the coupling of 
noise sources into the INA103 through the power supply or 
from EMI radiation. 

A return path for the input bias currents must always be 
provided. A resistor from the input to common will properly 
bias floating sources such as transformers, thermocouples, 
and AC-coupled inputs. This resistor should be high enough 
in value to prevent loading the source. The input bias currents 
flowing through these resistors will introduce a common- 
mode voltage to the amplifier, and caution should be exer- 
cised to assure that this common-mode voltage, in addition to 
the input signal, does not cause the input amplifiers to 
saturate. (See Common-Mode Input Range, above). 

It is often necessary to decouple the input of the INA103 
from the source (for example, in audio mixing systems where 
the INA103 may be placed on a buss). In this case, series 
resistors may be used to decouple the input. The source 
impedance presented to the INA103 should be as low as 
possible, to minimize DC errors and noise which may result 
due to the input bias current of the INA103. In addition, 
resistor values should be chosen to limit the input current to 
the INA103 to 10mA. While it is unlikely such currents 
would result from a signal input, should one power supply 
rail be lost due to a power supply failure or other system 
fault, it is possible for large currents to flow from the other 
power supply to ground through the input stage. Setting 
^decouple - 250Q should be adequate to provide this protec- 
tion. Figure 13 shows a circuit with a decoupled and pro- 
tected input. A graph is included to assist in choosing the best 
resistor values. 


Inductive source impedances may cause the INA103 to 
oscillate. Placing a 470pF capacitor from each input to 
ground will prevent oscillation in such rare instances. Typi- 
cal audio applications using twisted pair or coax generally do 
not require these capacitors. 

APPLICATIONS 

Many applications of instrumentation amplifiers involve the 
amplification of low-level differential signals from bridges 
and transducers such as strain gages, thermocouples, and 
RTDs. Some of the important parameters include common- 
mode rejection (differential cancellation of common-mode 
offset and noise), input impedance, offset voltage and drift, 
gain accuracy, linearity and noise. The INA103 accom- 
plishes all of these with high precision. 

In addition, the INA103 has been designed to provide ex- 
tremely low noise and distort: rn for dynamic applications 
such as microphone preamplifiers in professional-quality 
mixing consoles. 

Although the INA103 contains internal 3kQ feedback resis- 
tors to set input stage gain, external feedback resistors can be 
used, as shown in Figure 14. For gains other than 1 or 100, 
it is possible to improve gain accuracy and gain temperature 



10 100 Ik 10k 100k 


^DECOUPLE H ^BIAS 



FIGURE 13. Input Decoupling and Protection. 
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coefficient by using matched external feedback and gain set 
resistors (the internal feedback resistors can have 50ppm/°C 
TCR). Other amplifiers, such as the AD625, have no internal 
feedback resistors. When using the INA103 to replace the 
AD625 in existing circuits, the external feedback resistors 



FIGURE 14. Use of External Resistors for Gain Set. 


present in the existing circuit may be used (see Figure 14), or 
the circuit may be modified to take advantage of the INA103 ’s 
internal resistors. 

The INA103 input amplifiers are current feedback type. The 
value of the feedback resistors affects the dynamic perform- 
ance and stability. Feedback resistors less than 2.5kO may 
result in instability. Feedback resistors larger than 3kO will 
result in reduced gain bandwidth and increased noise. For 
example, feedback resistors of 20kQ will increase the gain- 
of- 1000 input referred-noise of the INA103 from InV/Vfiz to 
lJnV/VHz. 

Figure 15 is one way to make a microphone preamplifier 
with the INA103. This circuit is designed to allow the 
microphone to be phantom powered, and also allows for a 
20dB pad on the input. The DC restoration circuit using the 
OPA627 has a low frequency cutoff of 1.59Hz, and auto- 
matically removes DC offsets from the amplified output 
signal. 

Figures 16 through 19 show other applications circuits. 



FIGURE 15.Microphone Preamplifier with Provision for Phantom Power Microphones. 
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FIGURE 17. Gain-of-100 INA103 with FET Buffers. 


Vref 



FIGURE 18. Bridge Amplifier. 


Moving 

Magnet 

Cartridge 


Gain = 1 0OV/V 



FIGURE 19. RIAA Phono Preamplifier. 

Burr-Brown IC Data Book Supplement, Vol. 33b 


3-35 


INSTRUMENTATION AMPLIFIERS □ INA103 





For Immediate Assistance, Contact Your Local Salesperson 



High Common-Mode Voltage 
DIFFERENCE AMPLIFIER 


FEATURES 


• COMMON-MODE INPUT RANGE: 
±200V (V s = ±15V) 

• PROTECTED INPUTS: 

±500V Common-Mode 
±500V Differential 

• UNITY GAIN: 0.02% Gain Error max 

• NONLINEARITY: 0.001% max 

• CMRR: 86dB min 


APPLICATIONS 

• CURRENT MONITOR 

• BATTERY CELL-VOLTAGE MONITOR 

• GROUND BREAKER 

• INPUT PROTECTION 

• SIGNAL ACQUISITION IN NOISY 
ENVIRONMENTS 

• FACTORY AUTOMATION 


DESCRIPTION 

The INA117 is a precision unity-gain difference 
amplifier with very high common-mode input voltage 
range. It is a single monolithic IC consisting of a 
precision op amp and integrated thin-film resistor 
network. It can accurately measure small differential 
voltages in the presence of common-mode signals up 
to ±200 V. The IN A 117 inputs are protected from 
momentary common-mode or differential overloads 
up to +500V. 

In many applications, where galvanic isolation is not 
essential, the INA1 17 can replace isolation amplifiers. 
This can eliminate costly isolated input-side power 
supplies and their associated ripple, noise and quies- 
cent current. The INA117’s 0.001% nonlinearity and 
200kHz bandwidth are superior to those of conven- 
tional isolation amplifiers. 

The INA1 17 is available in 8-pin plastic mini-DIP and 
SO-8 surface-mount packages, specified for the 0°C to 
+70°C temperature range. The metal TO-99 models 
are available specified for the -25°C to +85°C and 
-55°C to +125°C temperature range. 
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SPECIFICATIONS 


ELECTRICAL 

At T a = +25°C, V s = ±15V unless otherwise noted. 






INA117BM 



PARAMETER 

CONDITIONS 






MAX 




UNITS 

GAIN 

Initial «’> 



1 


■ 

g 




g 

v/v 

Error 



0.01 

0.05 







% 

vs Temperature 



2 

10 


H 



H i 


ppm/°C 

Nonlinearity (2 > 



0.0002 

0.001 


BUI 


■B 


■ 

% 

OUTPUT 

Rated Voltage 

l 0 = +20mA, -5mA 

10 

12 


g 

g 


g 

g 


V 

Rated Current 

V 0 = iov 

+20, -5 









mA 

Impedance 



0.01 




’ :: ™* 




a 

Current Limit 

To Common 


+49, -13 


. BEj 






mA 

Capacitive Load 

Stable Operation 


1000 


K9H 


^B 


MM 


PF 

INPUT 

Impedance 

Differential 


800 

■ 


• 

g 

g 

* 


kn 


Common-Mode 


400 



• 



* 


kQ 

Voltage Range 

Differential 

±10 




• 



* 


V 


Common-Mode, Continuous 

±200 









V 

Common-Mode Rejection < 3 * 




iBKjp; 



■ 





DC 


70 

80 

l 


94 


^g ■ 

* 


dB 

AC, 60Hz 

V CM = 400Vp-p 

66 

80 

iSHgl 


94 


' ■ 

* 


dB 

vs Temperature, DC 




jH - 



m- 





AM, BM, P. KU 


66 

75 

«| : ' 


90 



* 


dB 

SM 


60 

75 








dB 

OFFSET VOLTAGE 

Initial 

RTO (4) 


120 

1000 


B 


B 

. 

. 

pV 

KU Grade (SO-8 Package 









600 

2000 

pV 

vs Temperature 

T A = T M|N tO Tyy^ 


8.5 

40 


Bi i 



* 


pV/°C 

vs Supply 

V g = ±5V to ±18V 

74 

90 


80 




* 


dB 

vs Time 



200 



I 



* 


pV/mo 

OUTPUT NOISE VOLTAGE 

f B = 0.01Hz to 10Hz 

RTO (5 < 


25 



g 



g 


pVP£_ 

nV/VHz 

f B = 10kHz 



550 








DYNAMIC RESPONSE 

Gain Bandwidth, -3dB 



200 


■ 

g 

B 

B 

g 


kHz 

Full Power Bandwidth 

V Q = 20Vp-p 

30 









kHz 

Slew Rate 


2 

2.6 





■ 

bb 


V/ps 

Settling Time: 0.1% 

V Q = 10V Step 


6.5 


■ ^ 

■ ■ 



SIB 


ps 

0.01% 

V 0 = 10V Step 


10 


H 

■ . ■ 



bb 


MS 

0.01% 

V CM =10V Step. V D1FF = OV 


4.5 


Mi 

■ 

IBB 

bb 



MS 

POWER SUPPLY 

Rated 



±15 


■ 

g 

g 

g 

g 


fl 

Voltage Range 

Derated Performance 

±5 


±18 






* 


Quiescent Current 

V o = 0V 


1.5 

2 



bb 


IBB 

* 


TEMPERATURE RANGE 

Specification: AM, BM, P, KU 


-25 


+85 

g 

g 

g 

j 

g 

+70 

B 

SM 


-55 


+125 







mm 

Operation 


-55 


+125 

H . 

■ 

- ■ 



+85 

bb 

Storage 


-65 


+150 

BB 

BB 

BB 


Bl 

+85 

BB 


‘Specification same as for INA117AM. 

NOTES: (1 ) Connected as difference amplifier (see Figure 1 ). (2) Nonlinearity is the maximum peak deviation from the best-fit straight line as a percent of full-scale 
peak-to-peak output. (3) With zero source impedance (see discussion of common-mode rejection in Application Information section). (4) Includes effects of amplifier’s 
input bias and offset currents. (5) Includes effects of amplifier’s input current noise and thermal noise contribution of resistor network. 
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MECHANICAL 




U Package — 8-Pln SOIC 


|T1 

J’l 

Tf 

,1 J 








NOTE: Leads in true 
position within 0.01” 
(0.25mm) R at MMC 
at seating plane. 


I KiTM EM TfHi 


l iniEicaiii 

immmmmmwEm 
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PIN CONFIGURATION 



ABSOLUTE MAXIMUM RATINGS 


Supply Voltage ±22V 

Input Voltage Range, Continuous ±200 V 

Common-Mode and Differential, 10s ±500 V 

Operating Temperature 

M Metal TO-99 Package -55 to +125°C 

P Plastic DIP and U SO-8 -40 to +85°C 

Storage Temperature 

M Package -65 to +125°C 

P Plastic DIP and U SO-8 -40 to +85°C 

Lead Temperature (soldering, 10s) +300°C 

Output Short Circuit to Common Continuous 


ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMPERATURE RANGE 

INA117P 

INA117KU 

INA117AM 

INA117BM 

INA117SM 

Plastic DIP 

SO-8 Surface-Mount 
TO-99 Metal 

TO-99 Metal 

TO-99 Metal 

0°C to +70°C 

0°C to +70°C 
-25°C to +85°C 
-25°C to +85°C 
-55°C to +125°C 


TYPICAL PERFORMANCE CURVES 

T a = +25°C, V s = ±15V unless otherwise noted. 




20 100 Ik 10k 100k 2M 1 10 100 Ik 10k 

Frequency (Hz) Frequency (Hz) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a « +25°C, V 8 * ±15V unless otherwise noted. 


POSITIVE COMMON-MODE VOLTAGE RANGE 



5 10 15 20 

Positive Power Supply Voltage (V) 


NEGATIVE COMMON-MODE VOLTAGE RANGE 



-5 -10 -15 -20 

Negative Power Supply Voltage (V) 


SMALL SIGNAL STEP RESPONSE 
Cl=0 




SMALL SIGNAL STEP RESPONSE 
C L * lOOOpF 


LARGE SIGNAL STEP RESPONSE 
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APPLICATION INFORMATION 

Figure 1 shows the basic connections required for operation. 

Applications with noisy or high impedance power supply 
lines may require decoupling capacitors close to the device 
pins. 

The output voltage is equal to the differential input voltage 
between pins 2 and 3. The common mode input voltage is 
rejected. 

Internal circuitry connected to the compensation pin 8 can- 
cels the parasitic distributed capacitance between the feed- 
back resistor, R 2 , and the IC substrate. For specified dy- 
namic performance, pin 8 should be grounded or connected 
through a 0.1 pF capacitor to an AC ground such as V+. 



FIGURE 1. Basic Power and Signal Connections. 


COMMON-MODE REJECTION 

Common-mode rejection (CMR) of the INA117 is depend- 
ent on the input resistor network, which is laser-trimmed for 
accurate ratio matching. To maintain high CMR, it is impor- 
tant to have low source impedances driving the two inputs. 
A 75 Cl resistance in series with pin 2 or 3 will decrease CMR 
from 86dB to 72dB. 

Resistance in series with the reference pins will also degrade 
CMR. A 40 resistance in series with pin 1 or 5 will decrease 
CMRR from 86dB to 72dB. 

Most applications do not require trimming. Figures 2 and 3 
show optional circuits that may be used for trimming offset 
voltage and common-mode rejection. 


TRANSFER FUNCTION 

Most applications use the INA117 as a simple unity-gain 
difference amplifier. The transfer function is: 

v = V _ v 

v O v 3 v 2 

V 3 and V 2 are the voltages at pins 3 and 2. 


v- v+ 



v- v+ 



FIGURE 2. Offset Voltage Trim Circuits. 


Some applications, however, apply voltages to the reference 
terminals (pins 1 and 5). A more complete transfer function 
is: 

V 0 = V 3 " V 2 + 19#V 5 

V 5 and V, are the voltages at pins 5 


- 18-V, 
and 1. 
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MEASURING CURRENT 

The INA1 17 can be used to measure a current by sensing the 
voltage drop across a series resistor, R s . Figure 4 shows the 
1NA117 used to measure the supply currents of a device 
under test. The circuit in Figure 5 measures the output 
current of a power supply. If the power supply has a sense 
connection, it can be connected to the output side of R s to 
eliminate the voltage-drop error. Another common applica- 
tion is current-to-voltage conversion as shown in Figure 6. 


v- v+ 



FIGURE 3. CMR Trim Circuit. 


v- v+ 



‘Not needed if R s is less than 200 —see text. 


FIGURE 4. Measuring Supply Currents of Device Under 
Test. 


v- v+ 



FIGURE 5. Measuring Power Supply Output Current. 
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FIGURE 6. Current to Voltage Converter. 
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Example: For a lV/mA transfer function, the nominal, 
uncorrected value for R s would be lkft. A slightly larger 
value, R s ' = 1002.6ft, compensates for the gain error due to 
loading. 

The 380kft term in the equation for R s ’ has a tolerance of 
±25%, so sense resistors above approximately 400ft may 
require trimming to achieve gain accuracy better than 0.02%. 

Of course, if a buffer amplifier is added as shown in Figure 
7, both inputs see a low source impedance, and the sense 
resistor is not loaded. As a result, there is no gain error or 
CMR degradation. The buffer amplifier can operate as a 
unity gain buffer or as an amplifier with noninverting gain. 
Gain added ahead of the INA1 17 improves both CMR and 
signal-to-noise. Added gain also allows a lower voltage drop 
across the sense resistor. The OPA1013 is a good choice for 
the buffer amplifier since both its input and output can swing 
close to its negative power supply. 



In all cases, the sense resistor imbalances the input resistor 
matching of the INA1 17, degrading its CMR. Also, the input 
impedance of the INA1 17 loads R s , causing gain error in the 
voltage-to-current conversion. Both of these errors can be 
easily corrected. 

The CMR error can be corrected with the addition of a 
compensation resistor, R c , equal in value to R s as shown in 
Figures 4, 5, and 6. If R s is less than 20Q, the degradation 
in CMR is negligible and R c can be omitted. If R s is larger 
than approximately 2k £2, trimming R c may be required to 
achieve greater than 86dB CMR. This is because the actual 
INA117 input impedances have 1% typical mismatch. 

If R s is more than approximately 100ft, the gain error will 
be greater than the 0.02% specification of the INA1 17. This 
gain error can be corrected by slightly increasing the value 
of R s . The corrected value, R s \ can be calculated by — 

R„ • 380kft 

» _ 

s 380ki2 - R s 
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Figure 8 shows very high input impedance buffer used to 
measure low leakage currents. Here, the buffer op amp is 
powered with an isolated, split-voltage power supply. Using 
an isolated power supply allows full ±200V common-mode 
input range. 

NOISE PERFORMANCE 

The noise performance of the INA1 17 is dominated by the 
internal resistor network. The thermal or Johnson noise of 


these resistors produces approximately 550nV/VHz noise. 
The internal op amp contributes virtually no excess noise at 
frequencies above 100Hz. 

Many applications may be satisfied with less than the full 
200kHz bandwidth of the INA1 17. In these cases, the noise 
can be reduced with a low-pass filter on the output. The two- 
pole filter shown in Figure 9 limits bandwidth to 1kHz and 
reduces noise by more than 15:1. Since the IN A 117 has a 
1/f noise comer frequency of approximately 100Hz, a cutoff 
frequency below 100Hz will not further reduce noise. 



*D, and D z are each a 2N3904 transistor 
base-collector junction (emitter open). 




FIGURE 8. Leakage Current Measurement Circuit. 




R, 

^ ll.Okfl 

, 4 

11.3kO 

^OPAZtS-h 

y-O v o = v 2 “ v 3 

— VW-J 

— vW--j— 

o.oi mF~j~ 

Ix^^Z-Pole Butterworth 

Low-Pass Filter 


OUTPUT NOISE 
| (mVp-p) 


See Application Bulletin AB-017 for other filters. 


IlkO 

11.3kO 

lOOpF 

200pF 

IlkO 

11.3kO 

InF 

2nF 

IlkO 

11.3W1 

10nF 

20nF 

IlkO 

11.3kQ 

0.1 pF 

0.2pF 


NOTE: (1) Since the INA1 17 has a 1/f noise comer frequency of approximately 100Hz, 
bandwidth reduction below this frequency will not significantly reduce noise. 


FIGURE 9. Output Filter for Noise Reduction. 
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FIGURE 12. Common-Mode Voltage Monitoring. 
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FIGURE 14. Batteiy Cell Voltage Monitor. 
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FIGURE 15. Measuring Amplifier Load Current. 
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Precision 

INSTRUMENTATION AMPLIFIER 


FEATURES 

• LOW OFFSET VOLTAGE: 25|xV max 

• LOW OFFSET VOLTAGE DRIFT: 
0.25jjV/°C max 

• PIN-STRAPPED GAINS: 1, 10, 100, 1000 

• LOW GAIN DRIFT: 30ppm/°C max 
at G = 100 

• HIGH COMMON-MODE REJECTION: 
106dB at 60Hz, G = 100 

APPLICATIONS 

• BRIDGE AMPLIFIER 

• THERMOCOUPLE AMPLIFIER 

• RTD SENSOR AMPLIFIER 

• MEDICAL INSTRUMENTATION 

• DATA ACQUISITION SYSTEM 

• SWITCHED-GAIN AMPLIFIER 


DESCRIPTION 

The INA120 is a precision instrumentation amplifier 
ideal for accurate signal acquisition. It combines pre- 
cision, protected-input operational amplifiers, laser- 
trimmed gain-setting resistors, and a high common- 
mode rejection difference amplifier on a single chip. 

Simple pin-strapped connections set precise gains of 1, 
10, 100 or 1000. External resistors can be used to set 
any gain from one to 5000. Gains can be digitally 
selected with an external multiplexer. Gain-sense 
connections on the INA120 maintain accuracy when 
using multiplexer or gain-switching circuitry. Low 
power dissipation and careful on-chip thermal man- 
agement reduce warm-up drift and assure excellent 
long-term stability. 

The INA120 is available in both plastic and ceramic 
18-pin DIP packages, specified for the industrial tem- 
perature range. 


Offset Adjust Ai Out 



Gain Set 2 +,n 
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SPECIFICATIONS 


ELECTRICAL 

At T a = +25°C and V s = ±1 5V unless otherwise specified. 




INA120CG 

INA120BG/BP 

INA120AP 


PARAMETER 

CONDITIONS 



mm 





^291 


UNITS 

GAIN 

Range of Gain 


1 


1000 

1 


1000 

■ 



1000 

v/v 

Gain Equation 


1 + (2Rp/R 

3 ) 

1 + (2Rp/R 

? > 


1 + (2R,7R 

5 ) 

v/v 

Gain Error 

G = 1 


0.01 

0.05 


0.01 

0.05 

■ 

■ 

0.02 

0.1 

% 


G = 10 


0.05 

0.1 


0.05 

0.2 

■ 


0.1 

0.2 

% 


G = 100 


0.1 



0.1 

0.3 

H 

I 

0.2 

0.5 

% 


G = 1000 


0.3 

0.5 


0.3 

1 


I 

0.5 

1 

% 

Gain Temp Coefficient 

G=1 


4 

10 


4 

20 

■ 


6 

20 

ppm/°C 


G = 10 


4 

10 


4 

20 

■ 

I 

8 

40 

ppm/°C 


G = 100 


6 

30 


6 

40 

■ 

I 

10 

60 

ppm/°C 


G = 1000 


22 

50 


22 

50 

mm 

1 

40 

100 

ppm/°C 

Nonlinearity 

G = 1 


0.001 

0.005 


0.001 

0.01 



0.001 

0.01 

% of FS 


G = 10 


0.002 

0.005 


0.002 

0.01 



0.002 

0.01 

% of FS 


G = 100 


0.004 

0.01 


0.004 

0.02 



0.004 

0.02 

% of FS 


o 

o 

o 

II 

0 


0.008 

0.05 


0.008 

0.1 



0.008 

0.1 

% of FS 

OFFSET VOLTAGE 

Initial Offset 



(10+ 

(25+ 


(50+ 

(100+ 



(50+ 

(200+ 

nv 




300/G) 

600/G) 


300/G) 

1000/G) 



600/G) 

2000/G) 


vs Temperature 



(.25 + 10/G) 

(1 + 20/G) 

(2 + 20/G) 

pV/°C 

vs Power Supply 

V s = ±6V to ±1 8V 

(1 + 20/G)(10 + 150/G) (1 + 20/G){20 + 250/G) 

(1 + 20/G) (40 + 300/G) pV/V j 

INPUT BIAS CURRENT 

Initial Bias Current 



±7 

±20 


±7 

±20 



±20 

±50 

nA 

vs Temperature 



±0.2 



±0.2 




±0.2 


nA/°C 

Initial Offset Current 



±5 

±10 


±5 

±20 



±10 

±50 

nA 

vs Temperature 



±0.2 



±0.2 




±0.2 


nA/°C 

Impedance: Differential 



10’° || 3 



10 10 1|-3 




10’° || 3 


Q II PF 

Common-Mode 



10 10 || 3 



10 10 1| 3 




10 10 1| 3 


«ll PF 

INPUT VOLTAGE RANGE 

Range, Linear Response 


±10 

±12.5 


±10 

±12.5 


±10 


±12.5 


V 

CMRR (DC, 1k£2 Source Imbalance) G = 1 

80 

90 


74 

90 


70 


85 


dB 


G a 10 

96 

106 


90 

106 


86 


95 


dB 


o 

o 

O 

106 

110 


106 

110 


100 


105 


dB 


G a 1000 

106 

110 


106 

110 


100 


105 


dB 

NOISE 

Input Voltage Noise 













f B = 0.1Hz to 10Hz 

G a 1000 


0.7 



0.7 




0.7 


pVp£ 

nV/VHz 

Density; f = 10Hz 

G a 1000 


14 



14 




14 


f = 100Hz 



11 



11 




11 


nVA/Hz 

f = 1000Hz 



10 



10 




10 


nV/VRz 

Input Current Noise 













f B = 0.1Hz to 10Hz 



50 



50 




50 


pApjL 

pA/Vi-iz 

Density; f = 10Hz 



1.8 



1.8 




1.8 


f= 1kHz 



0.4 



0.4 




0.4 


pA/VHz 

Output Voltage Noise 













f B = 0.1Hz to 10Hz 



8 



8 




8 


pVp-p 

DYNAMIC RESPONSE 

Small Signal Bandwidth (-3dB) 

G = 1 


2 



2 




2 

■ 

MHz 


G = 10 


200 



200 




200 


kHz 


G = 100 


20 



20 




20 


kHz 


G a 1000 


2 



2 




2 


kHz 

Slew Rate 


0.4 

0.6 


0.4 

0.6 


0.4 


0.6 


V/ps 

Settling Time to 0.01% 

G = 1 


24 



24 




24 


ps 


G a 10 


30 



30 




30 


ps 


G = 100 


50 



50 




50 

■ 

ps 


G = 1000 


200 



200 




200 


ps 

Full Power Bandwidth, G < 200 

v D = ±10V, R L = 2kH 


9 



9 




9 


kHz 

Overload Recovery 

50% Overdrive 


2 



2 




2 


ps 

OUTPUT 

Voltage, R L = 2kO 

Over Temperature 

±10.5 

±12.8 


±10.5 

±12.8 


±10.5 


±12.8 

■ 

n 

Current 

Over Temperature 

5 

15 


5 

15 


5 


15 



Short-Circuit Current 



24 



24 




24 


: 

Capacitive Load, Stable Operation 



4000 



4000 




4000 

m 

il 

POWER SUPPLY 













Rated Voltage 



±15 



±15 




±15 


V 

Voltage Range 


±6 


±18 

±6 


±18 

±6 



±18 

V 

Supply Current 

o< 

II 

% 


±2.7 

±4 


±2.7 

±4 



±2.7 

±4 

mA 

TEMPERATURE RANGE 

Specification 


-25 


+85 

-25 


+85 

-25 



+85 

°C 

Operation BP.AP 





-40 


+85 

-40 



+85 

°C 

Operation CG.BG 


-55 


+125 

-55 


+125 





°C 

Storage 




See Absolute Maximum Table. 
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PIN CONFIGURATION ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 

±18V 


(V+) +2 to (V-) — 2V 

Differential Input Voltage 

...........Total V S +4V 

Operating Temperature 

Ceramic G Package 

-65°C to +150°C 


-40°C to +125 0 C 

1 Storage Temperature 

Ceramic G Package 

-€5°C to +1 50°C 


-40°C to +125°C 

1 Junction Temperature 

Ceramic G Package 

+175°C 

Plastic P Package . 

+125°C 

Lead Temperature (soldering. 10s) 

+300°C 




Top View 



Vo 

E 


E 

Com 

V+ 

E 


E 

V- 

-V, N 

E 


E 

+V| N 

Gain Sense 1 

E 


1 

Gain Sense 2 

Gain Set 1 

E 


E 

Gain Set 2 

Offset Adjust 

E 


5] 

A 2 Out 

Offset Adjust 

E 


El 

A, Out 

RC 

E 


E 

X10 

XI 000 

E 


E 

X100 
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TYPICAL PERFORMANCE CURVES 

T a = +25°C, V s = ±15V unless otherwise noted. 



10 100 Ik 10k 100k 1M 10M 


Frequency (Hz) 


COMMON-MODE REJECTION 



1 10 100 Ik 10k 100k 1M 

Frequency (Hz) 


POWER SUPPLY REJECTION 



1 10 100 Ik 10k 100k 1 M 

Frequency (Hz) 



1 10 100 1000 
Gain (V/V) 


COMMON-MODE REJECTION 



100 Ik 10k 100k 

Source Resistance Imbalance (Cl) 



s 


U) 

nj 

in 

"5 

CL 

c 


INPUT BIAS AND OFFSET CURRENT 



-75 -50 -25 0 +25 +50 +75 +100 +125 


Ambient Temperature (°C) 


0 

01 


3 


1 

ill 

C 

□ 

a 

S 

< 

z 

0 

1 

z 

111 


ff 

s 
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Output Voltage (500mV/Division) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C, V s = ±15V unless otherwise noted. 



-75 -50 -25 0 +25 +50 +75 +100 +125 

Ambient Temperature (X) 



-75 -50 -25 0 +25 +50 +75 +100 +125 

Ambient Temperature (°C) 



-75 -50 -25 0 +25 +50 +75 +100 +125 

Ambient Temperature (°C) 


INPUT-REFERRED NOISE 
G - 1000 



Time (2s/ Division) 


SMALL-SIGNAL TRANSIENT RESPONSE 
G = 1 



Time (20ps/ Division) 


LARGE-SIGNAL TRANSIENT 
RESPONSE G = 1 



Time (2Qps/ Division) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C, V s = ±15V unless otherwise noted. 


SMALL-SIGNAL TRANSIENT RESPONSE 
G - 100 


LARGE-SIGNAL TRANSIENT 
RESPONSE G = 100 


1 



Time (5ns/ Division) 


5? 

S 

S- 

ZJ 

O 


Time (10ns/ Division) 



APPLICATION INFORMATION 

Figure 1 shows the basic connections required for operation 
of the INA120. Applications with noisy or high impedance 
power supply lines may require decoupling capacitors close 
to the device pins as shown. The differential input voltage 
is applied to pins 16 and 3. 

The output is referred to the output common reference 
terminal, pin 18. This terminal must have a low-impedance 
connection to ground. A resistance of IQ or greater in series 
with the common terminal could degrade common-mode re- 
jection beyond the specified value. 

SETTING THE GAIN 

Gains of 1, 10, 100 or 1000 can be configured by intercon- 
necting the gain-set pins as shown in the table of Figure 1 . 
These pin-strapped gains provide best gain accuracy and 
drift because they are determined by the ratios of accurately 
trimmed and matched on-chip resistors. 

Digital gain control can be achieved using an analog multi- 
plexer as shown in Figure 2. Since the switches are in series 
with the high impedance gain-sense connections, pins 4 and 
15, their series resistance does not significantly affect gain 
error or drift. Gain error at G = 1 is slightly higher than with 
direct pin connections shown in Figure 1. The gain is 
selected with a two-bit address, A 0 and A r The Multiplexer 
Enable control is directly connected to V+ since a logic 
“low” on this line would cause the input amplifiers to run 
open-loop. 

Other gains may be set by connecting an external resistor, 
R 0 , as shown in Figure 3a. Gain accuracy using an external 
gain-setting resistor is a function of R c and the internal 
20kO resistors. The internal resistors are typically within 
±0.2% of nominal value and their drift under ±80ppm/°C. 
Inaccuracy and drift of R c will contribute additional gain 
error and drift. 

Figure 3b shows an external gain-setting resistor connected 
in parallel with internal resistors. By forming a portion of the 
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effective R G with internal resistors, gain accuracy and drift 
can be somewhat improved. 

Connections available on the INA120 allow all input stage 
gain-setting resistors to be provided externally. A custom 
precision resistor network could be connected to provide the 
highest accuracy and lowest gain drift for non-standard 
gains. Impedance of this external network should be made 
close to that of the internal network for best performance. 

OFFSET TRIMMING 

Many applications require no external offset voltage 
trimming. Figure 4 shows optional circuits for trimming 
offset voltage. Since the INA120 has two amplification 
stages, the offset voltage is comprised of two components — 
the input stage offset and output stage offset. 

The input stage offset is equal to the combined offset of op 
amps A, and A 2 . This input stage offset dominates at high 
gain. When used in gains of 100 to 1000, it is often 
sufficient to adjust the input stage offset with a potentiome- 
ter connected to pins 6 and 7 as shown. Connect both inputs 
to ground and adjust for 0V at the output, pin 1. Do not use 
pins 6 and 7 to trim offset voltage at G = 1 or to correct for 
offset in devices following the INA120 since this can cause 
excessive offset voltage drift. 

At G = 1, offset is dominated by the output stage. Output 
stage offset can be trimmed by applying a correction voltage 
at the output reference terminal, pin 18. Low impedance 
must be maintained at this node to preserve the high CMR 
of the INA120. This is achieved by buffering the trim 
voltage with an op amp as shown. 

At intermediate gains it may be necessary to provide both 
input stage and output stage offset adjustments. Again, 
ground both inputs. Connect a jumper between pins 9 and 1 1 
(temporarily connects the INA120 in high gain) and adjust 
Rj for 0V at the output, pin 1. Then disconnect the jumper 
and adjust the output offset control for 0V output. 
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FIGURE 2. Digital Gain Control. 
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FIGURE 3. External Gain-Setting Resistors. 


INPUT BIAS CURRENT RETURN PATH exceeds the common-mode range of the INA120 and the 

The input impedance of the INA120 is extremely high- in P ut am P lifiers wil1 saturate ' 
approximately 10 10 £2. This does not mean, however, that no 

current flows in the input terminals. The input bias current INPUT PROTECTION 

of the INA120 is typically ±10nA (it can be either polarity). The inputs of the INA120 are protected for input voltages up 

High input impedance means that this input bias current to 2V beyond the power supply voltages. If the input can 

changes very little with varying input voltage. exceed these conditions, input clamp diodes should be pro- 

input circuitry must provide a path for this input bias current vided as shown in Figure 6. R s may not be required if the 

if the INA120 is to function. Figure 5 shows various provi- input cannot supply more than 100mA. If the input can 

sions for an input bias current path. Without an appropriate supply larger currents, choose R s according to the maximum 

current path, the inputs will float to a potential which source voltage, limiting current to under 100mA. 
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Input Stage Offset Adjustment for High Gains (see text). 



FIGURE 4. Offset Adjustment Circuits. 



FIGURE 5. Providing an Input Bias Current Path. 


v+ 



FIGURE 6. Input Protection Circuit. 
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ISA 

TYPE 

MATERIAL 

SEEBECK 

COEFFICIENT 

(pV/°C) 

r 2 

(R 3 = 100Q) 

R « 

(R s + R 6 =1000) 

E 

Chromel 

Constantan 

58.5 

3.48k 

56.2k 

J 

Iron 

Constantan 

50.2 

4.12k 

64.9k 

K 

Chromel 

Alumel 

39.4 

5.23k 

80.6k 

T 

Copper 

Constantan 

38.0 

5.49k 

84.5k 



FIGURE 7. Thermocouple Amplifier With Cold Junction Compensation. 


v+ 



FIGURE 8. Guard Drive Circuit. 
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PGA202/203 


Digitally-Controlled Programmable-Gain 
INSTRUMENTATION AMPLIFIER 


FEATURES 

• DIGITALLY PROGRAMMABLE GAINS: 
DECADE MODEL— PGA202 

GAINS OF 1,10, 100, 1000 
BINARY MODEL— PGA203 
GAINS OF 1,2, 4, 8 

• LOW BIAS CURRENT: 50pA max 

• FAST SETTLING: 2|xs to 0.01% 

• LOW NON-LINEARITY: 0.012% max 

• HIGH CMRR: 80dB min 

• NEW TRANSCONDUCTANCE CIRCUITRY 

• LOW COST 


DESCRIPTION 

The PGA202 is a monolithic instrumentation ampli- 
fier with digitally controlled gains of 1, 10, 100 and 
1000. The PGA203 provides gains of 1, 2, 4, and 8. 
Both have TTL or CMOS-compatible inputs for easy 
microprocessor interface. Both have FET inputs and a 
new transconductance circuitry that keeps the band- 
width nearly constant with gain. Gain and offsets are 
laser trimmed to allow use without any external com- 
ponents. Both amplifiers are available in ceramic or 
plastic packages. The ceramic package is specified 
over the full industrial temperature range while the 
plastic package covers the commercial range. 


Covered by U.S. PATENT #4.883.422 

International Airport Industrial Park • Mailing Address: P0 Box 1 1 400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746*1111 • Twx: 910-952-1111 * Cable: BBRC0RP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800) 548-6132 

PDS-1006A 

3-60 Burr-Brown IC Data Book Supplement , Vol. 33b 


APPLICATIONS 

• DATA ACQUISITION SYSTEMS 

• AUTO-RANGING CIRCUITS 

• DYNAMIC RANGE EXPANSION 

• REMOTE INSTRUMENTATION 

• TEST EQUIPMENT 


V os Adjust 



iTol Filter B 


J Filter A 
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SPECIFICATIONS 

ELECTRICAL 

At +25°C, V cc = ±15V unless otherwise noted. 





PGA202/203BG >’> 

PG A202/203KP 

M 

PARAMETER 

CONDITION 

n 



HI 

TYP 


BBSS 



UNITS 

GAIN 












Error (2) 

G < 1000 


0.05 

0.25 


0.05 

0.15 



* 

% 


G = 1000 


0.1 

1 


0.08 

0.5 



* 

% 

Nonlinearity 

G < 1000 


0.005 

0.015 


0.005 

0.012 



* 

% 


G = 1000 


0.01 

0.05 


0.01 

0.025 



* 

% 

Drift vs Temperature 

G < 100 


3 

10 



5 




ppm/°C 


G = 100 


10 

100 



50 




ppm/°C 

Stability vs Time 

o 

o 

o 

II 

O 


25 

200 



100 




%/Month 

RATED OUTPUT 












Voltage 

I'oJ^SmA 

±10 

±12 


* 

* 


* 



V 

Over Specified Temperature 

See Typical Perf. Curve 


±9 






±10 


V 

Current 

|V OUT |;S10V 

±5 

±10 


* 



* 



mA 

Impedance 



0.5 








Q 

ANALOG INPUTS 












Common-Mode Range 


±10 

±13 


* 



* 



V 

Abolute Max Voltage 131 

No Damage 



±V CC 



* 



* 

V 

Impedance, Differential 



10||3 








GG || pF 

Common-Mode 



10 ||1 








G£2 || pF 

OFFSET VOLTAGE (RTI) 












Initial Offset at 25°C (4 > 



±(0.3 + 

±(1 + 



±(0.5 + 



±(i + 

mV 




3/G) 

10/G) 



5/G) 



20/G) 


vs Temperature 



±(2 + 

±(10 + 



±(5 + 




pV/°C 




10/G) 

80/G) 



40/G) 





Offset vs Time 



25 








pV/Month 

Offset vs Supply 

10 £ V cc < 15 


10 + 

100 + 



50 + 



* 

pV/V 




250/G 

900/G 



450/G 





INPUT BIAS CURRENT 












Initial Bias Current: at 25°C 



10 

50 



* 



* 

pA 

at 85°C 



640 

3200 



* 



* 

pA 

Initial Offset Current: at 25°C 



5 

25 



* 



# 

pA 

at 85°C 



320 

1600 



* 



* 

pA 

1 COMMON MODE REJECTION RATIO 












G - 1 

80 

100 


* 



* 



dB 


G = 10 

86 

110 


* 






dB 


G = 100 

92 

120 


* 






dB 


G = 1000 

94 

120 








dB 

INPUT NOISE 






I 






Noise Voltage 0.1 to 10Hz 



1.7 








pVp-p_ 

Noise Density at 10kHz (5) 



12 








nV/^Hz 

OUTPUT NOISE 












Noise Voltage 0.1 to 10Hz 



32 








nvp-p 

Density at 1kHz (5 > 



400 








nV/VHz 

DYNAMIC RESPONSE 












Frequency Response 

G < 1000 


1000 








kHz 


G = 1000 


250 








kHz 

Full Power Bandwidth 

G < 1000 


400 








kHz 


G = 1000 


100 








kHz 

Slew Rate 


10 

20 


15 



* 



V/ps 

Settling Time (0.01 %< 7) 

G < 1000 


2 








ps 


G = 1000 


10 








ps 

Overload Recovery Time (7) 

G < 1000 


5 








ps 


G = 1000 


10 








ps 

DIGITAL INPUTS 












Digital Common Range 


"Vcc 


V cc “8 

* 


* 

* 


* 

V 

Input Low Threshold (6) 




0.8 



* 



* 

V 

Input Low Current 




10 



* 



* 

pA 

Input High Voltage 


2.4 



* 



* 



V 

Input High Current 




10 



* 



* 

pA 

POWER SUPPLY 












Rated Voltage 



±15 



* 



* 


V 

Voltage Range 


±6 


±18 

* 


* 

* 


* 

V 

Quiescent Current 



6.5 



* 



* 


mA 

TEMPERATURE RANGE 












Specification 


-25 


85 

* 


* 

0 


70 

°C 

Operating 


-55 


125 

* 


* 

-25 


85 

°C 

Storage 


-65 


150 

* 


• 

-40 


100 

°C 




100 








°C/W 


* Same as the PGA202/203AG 

NOTES: (1 ) All specifications apply to both the PGA202 and the PG A203. Values given for a gain of 1 0 are the same for a gain of 8 and other values may be interpolated. 
(2) Measured with a 10k load. (3) The analog inputs are internally diode clamped. (4) Adjustable to zero. (5) V N0ISE(RTI) = V (V N 1NPUT ) 2 + (V N01iTPl/r /Gain) 2 . 

(6) Threshold voltages are referenced to Digital Common. (7) From input change or gain change. 
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MECHANICAL 


G Package — 14-Pin Plastic Package 



Hflli 




ff 

If—i— Ka 

■iraooffii 
i — ■r^iBBUwr.’i 


NOTE: Leads in true 
position within 0.01 " 
(0.25mm) R at MMC 
at seating plane. 

(1) e, and e A apply in 
zone LjWhen unit is 
installed. 

(2) NotperJEDEC. 


G Package — 14-Pin Hermetic DIP 





■ MfcM TEM mijjg E3I 


wmmmmgmMmm 

nsH 

IIB 


NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. , 
Numbers may not 
be marked on 
package. 


1 G ' Seating Plane u — D- 


ORDERING INFORMATION 



PIN CONFIGURATION ABSOLUTE MAXIMUM RATINGS 



Supply Voltage .....±18V 

Internal Power Dissipation : 750mW 

Analog and Digital Inputs ±(V CC + 0.5V) 

Operating Temperature Range: 

G Package -55°C to +125°C 

P Package -40°C to +100°C 

Lead Temperature (soldering, 10s) 300°C 

Output Short Circuit Duration ....Continuous 

Junction Temperature 175°C 
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Noise (nW VHz) CMRR (dB) Gain (dB) 
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TYPICAL PERFORMANCE CURVES 

T a = +25°C, V s = ±15V unless otherwise noted. 


GAIN vs FREQUENCY 


80 

60 

40 

20 

0 


-20 


-40 














3; 








ir 














V 









1 10 10 2 10 3 10 4 10 5 10® 10 7 
Frequency (Hz) 



1 10 10 2 10 3 10 4 10 5 
Frequency (Hz) 



1 10 1 0 2 1 0 3 1 0 4 1 0 s 10 6 

Frequency (Hz) 



1 10 10 2 10 3 10 4 10 5 10 6 
Frequency (Hz) 
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V 0UT (V) V in (V) 
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TYPICAL PERFORMANCE CURVES (cont) 

T a = +25°C, V s = ±15V unless otherwise noted. 


QUIESCENT CURRENT vs POWER SUPPLY 


10 

8 

6 ' - ■ — 

I 

4 

2 

0 

6 9 12 15 18 


Power Supply (+V) 



6 9 12 15 18 

Power Supply (±V) 



6 9 12 15 18 

Power Supply (±V) 



6 9 12 15 18 

Power Supply (±V) 
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(vw) wn , (A) Ino y 
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TYPICAL PERFORMANCE CURVES (cow) 

T a = +25°C, V s = ±15V unless otherwise noted. 


QUIESCENT CURRENT vs TEMPERATURE 



Temperature (°C) 


INPUT BIAS CURRENT vs TEMPERATURE 
m3 — — - - ■ —— f - — — 



1 I I I I J I I 

-50 -25 0 25 50 75 100 

Temperature (°C) 



OUTPUT SWING vs TEMPERATURE 



Temperature (°C) 


LARGE SIGNAL RESPONSE 



1 ps/Di v 
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TYPICAL PERFORMANCE 
CURVES (cont) 

T a = +25°C, V cc = ±15V unless otherwise noted. 


SMALL SIGNAL RESPONSE 



1 ps/Div 


DISCUSSION OF 
PERFORMANCE 

A simplified diagram of the PGA202/203 is shown on the 
first page. The design consists of a digitally-controlled, 
differential transconductance front end stage using precision 
FET buffers and the classical transimpedance output stage. 
Gain switching is accomplished with a novel current steer- 
ing technique that allows for fast settling when changing 
gains. The result is a high performance, programmable 
instrumentation amplifier with excellent speed and gain 
accuracy. 

The input stage uses a new circuit topology that includes 
FET buffers to give extremely low input bias currents. The 
differential input voltage is converted into a differential 
output current with the transconductance gain selected by 
steering the input stage bias current between four identical 
input stages differing only in the value of the gain setting 
resistor. Each input stage is individually laser-trimmed for 
input offset, offset drift and gain. 

The output stage is a differential transimpedance amplifier. 
Unlike the classical difference amplifier output stage, the 
common mode rejection is not limited by the resister match- 
ing. However, the output resistors are laser-trimmed to help 
minimize the output offset and drift. 

BASIC CONNECTIONS 

Figure 1 shows the proper connections for power supply and 
signal. The power supplies should be decoupled with lpF 
tantalum capacitors placed as close to the amplifier as 
possible for maximum performance. To avoid gain and 
CMR errors introduced by the external components, you 
should connect the grounds as indicated. Any resistance in 
the sense line (pin 1 1) or the V REF line (pin 4) will lead to a 
gain error, so these lines should be kept as short as possible. 
Also to maintain stability, avoid capacitance from the output 
to the input or the offset adjust pins. 
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OFFSET ADJUSTMENT 

Figure 2 shows the offset adjustment circuits for the PGA202/ 
203. The input offset and the output offset are both sepa- 
rately adjustable. Notice that because the PGA202/203 change 
between four different input stages to change gain, the input 
offset voltage will change slightly with gain. For systems 
using computer autozeroing techniques, neither offset nor 
drift is a major concern, but it should be noted that since the 
input offset does change with gain, these systems should 
perform an autozero cycle after each gain change for opti- 
mum performance. 

In the output offset adjustment circuit, the choice of the 
buffering op-amp is very important. The op-amp needs to 
have low output impedance and a wide bandwidth to main- 
tain full accuracy over the entire frequency range of the 
PGA202/203. For these reasons we recommend the OPA602 
as an excellent choice for this application. 
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GAIN SELECTION 

Gain selection is accomplished by the application of a 2-bit 
digital word to the gain select inputs. Table I shows the gains 
for the different possible values of the digital input word. 
The logic inputs are referred to their own separate digital 
common pin, which can be connected to any voltage be- 
tween the minus supply and 8V below the positive supply. 
The gains are all internally trimmed to an initial accuracy of 
better than 0.1%, so no external gain adjustment is required. 
However, if necessary the gains can be increased by the use 
of an external attenuator around the output stage as shown in 
Figure 3. Recommended resistor values for certain selected 
output gains are given in Table II. 



TABLE II. Output Stage Gain Control. 



FIGURE 3. Gain Increase with Buffered Attenuator. 

COMMON-MODE INPUT RANGE 

Unlike the classical three op-amp type of circuit, the input 
common-mode range of the PGA202/203 does not depend 
on the differential input and the gain. In the standard three 
op-amp circuit, the input common-mode signal must be kept 
below the maximum output voltage of the input amplifier 
minus 1/2 the final output voltage. If, for example, these 
amplifiers can swing ±1 2V, then to get 12V at the output you 
must restrict the input common-mode voltage to only 6V. 
The circuitry of the PGA202/203 is such that the common- 
mode input range applies to either input pin regardless of the 
output voltage. 


OUTPUT SENSE 

An output sense has been provided to allow greater accuracy 
in connecting the load. By attaching this feedback point to 
the load at the load site, IR drops due to the load currents are 
eliminated since they are inside the feedback loop. Proper 
connection is shown in Figure 1. When more current is 
required, a power booster can be placed in the feedback loop 
as shown in Figure 4. Buffer errors are minimized by the 
loop gain of the output amplifier. 



FIGURE 4. Current Boosting the Output. 

OUTPUT FILTERING 


The summing nodes of the output amplifier have also been 
made available to allow for output filtering. By placing 
matched capacitors in parallel with the existing internal 
capacitors as shown in Figure 5, you can lower the fre- 
quency response of the output amplifier. This will reduce the 
noise of the amplifier, at the cost of a slower response. The 
nominal frequency responses for some selected values of 
capacitor are shown in Table 3. 



FIGURE 5. Output Filtering. 


CUTOFF FREQUENCY 

C, AND C 2 

1MHz 

None 

100kHz 

47pF 

10kHz 

525pF 


TABLE 3. Output Frequency vs Filter Capacitors. 
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INPUT CHARACTERISTICS 

Because the PGA202/203 have FET inputs, the bias currents 
drawn through input source resistors have a negligible effect 
on DC accuracy. The picoamp currents produce no more 
than microvolts through megohm sources. The inputs are 
also internally diode clamped to the supplies. Thus, input fil- 
tering and input series protection are easily achievable. 

A return path for the input bias currents must always be 
provided to prevent the charging of any stray capacitance. 
Otherwise the amplifier could wander and saturate. A 1MQ 
to 10MQ resistor from the input to common will return 
floating sources such as thermocouples and AC-coupled 
inputs (see Applications Section, Figures 8 and 9.) 

DYNAMIC PERFORMANCE 

The PGA202 and the PGA203 are fast-settling FET input 
programmable gain instrumentation amplifiers. Careful at- 
tention to minimize stray capacitance is necessary to achieve 
specified performance. High source resistance will interact 
with the input capacitance to reduce speed and overall 
bandwidth. Also to maintain stability, avoid capacitance 
from the output to the input or the offset adjust pins. 

Applications with balanced source impedance will provide 
the best performance. In some applications, mismatched 
source impedances may be required. If the impedance in the 
negative input exceeds that in the positive input, stray 
capacitance from the output will create a net negative feed- 
back and improve the stability of the circuit. If, however, the 
impedance in the positive input is greater, then the feedback 
due to stray capacitance will be positive and instability may 
result. The degree of positive feedback will, of course, 
depend on the source impedance imbalance as well as the 
board layout and the operating gain. The addition of a small 
bypass capacitor of about 5 to 50pF directly across the input 
terminals of the PGIA will generally eliminate any instabil- 
ity arising from these stray capacitances. CMR errors due to 
the source imbalance will also be reduced by the addition of 
this capacitor. 

The PGA202 and the PGA203 are designed for fast settling 
in response to changes in either the input voltage or the gain. 
The bandwidth and the settling times are mostly determined 
by the output stage and are therefore independent of gain, 
except at the highest gain of the PGA202 where other factors 
in the input stage begin to dominate. 

APPLICATIONS 

In addition to general purpose applications, the PGA202/203 
are designed to handle two important and demanding classes 
of applications: inputs with high source impedances, and 
rapid scanning data acquisition systems requiring fast set- 
tling time. Because the user has access to output sense and 
output common pins, current sources can also be constructed 
with a minimum of external components. Some basic appli- 
cation circuits are shown in Figures 6 through 14. 
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FIGURE 6. Isolated Programmable Gain Instrumentation 
Amplifier. 



FIGURE 7. Auto Gain Ranging. 



FIGURE 8. AC-Coupled Differential Amplifier for Fre- 
quencies above 0.1 6Hz. 
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FIGURE 9. Floating Source Programmable Gain 
Instmmentation Amplifier. 




FIGURE 11. Programable Differential In/Differential Out 
Amplifier. 



FIGURE 1 2. Low Noise Differential Amplifier with Gains of 
100, 200, 400, 800. 
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0 
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0 

1 

200 

1 

0 

1 

0 
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1 

0 

1 

1 
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0 
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1 

1 
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1 
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1 
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1 
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FIGURE 13. Cascaded Amplifiers. 
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Differential 



FIGURE 14. 8-Channel Differential Data Acquisition System. 
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Precision 4mA to 20mA 
CURRENT LOOP RECEIVER 


FEATURES 

• COMPLETE 4-20mA TO 0-5V CONVERSION 

• INTERNAL SENSE RESISTORS 

• PRECISION 10V REFERENCE 

• BUILT-IN LEVEL-SHIFTING 

• ±40V COMMON-MODE INPUT RANGE 

• 0.1% OVERALL CONVERSION ACCURACY 

• HIGH NOISE IMMUNITY: 86dB CMR 

DESCRIPTION 

The RCV420 is a precision current-loop receiver de- 
signed to convert a 4-20mA input signal into a 0- 
5 V output signal. As a monolithic circuit, it offers high 
reliability at low cost. The circuit consists of a premium 
grade operational amplifier, an on-chip precision resistor 
network, and a precision 10V reference. The RCV420 
features 0.1% overall conversion accuracy, 86dB CMR, 
and ±40V common-mode input range. 

The circuit introduces only a 1.5V drop at full scale, 
which is useful in loops containing extra instrument 
burdens or in intrinsically safe applications where 


APPLICATIONS 

• PROCESS CONTROL 

• INDUSTRIAL CONTROL 

• FACTORY AUTOMATION 

• DATA ACQUISITION 

• SCADA 

• RTUs 

• ESD 

• MACHINE MONITORING 


transmitter compliance voltage is at a premium. The 
10V reference provides a precise 10V output with a 
typical drift of 5ppm/°C. 

The RCV420 is completely self-contained and offers 
a highly versatile function. No adjustments are needed 
for gain, offset, or CMR. This provides three important 
advantages over discrete, board-level designs: 1) lower 
initial design cost, 2) lower manufacturing cost, and 
3) easy, cost-effective field repair of a precision cir- 
cuit. 


~ v cc Ref In 



Ref Noise Reduction 


Rev Com Ref Com 

International Airport Industrial Park • Mailing Address: P0 Box 11400 • Tucson, A Z 85734 » Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910-952-1111 . Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 741-4395 • Immediate Product Info: (800) 548-6132 


Burr-Brown IC Data Book Supplement , Vol. 33b 




For Immediate Assistance, Contact Your Local Salesperson 


SPECIFICATIONS 


ELECTRICAL 

T = +25°C and ±V CC « ±15V unless otherwise noted. 



I RCV420AG ] 

| RCV420BG 

RCV420KP { 


CHARACTERISTICS 

| MIN 

TYP 

MAX 

ESI 

TYP 

MAX 

| MIN | 

TYP 


UNITS 

GAIN 

___ 






■ 




Initial 


0.3125 





| 

* 


V/mA 

Error 

A ■ , t • 

0.025 

0.1 


v'. . | 

0.05 

| 

0.05 

0.15 

% of span 

vs Temp 


15 

50 



25 

| 

* 


ppm/°C 

Nonlinearity* 1 ’ 


0.0002 

0.002 



* 

1 

* 

* 

% of span 

OUTPUT 

Rated Voltage (l Q = +10mA, -5mA) 

10 

12 



* 


* 

* 


V 

Rated Current (E 0 = 10V) 

+10,-5 



• 



* 



mA 

Impedance (Differential) 


0.01 



* 



* 


n 

Current Limit (To Common) 


+49,-13 



* 



* 


mA 

Capacitive Load 


1000 



* 



* 


PF 

(Stable Operation) 











INPUT 

Sense Resistance 

74.25 

75 

75.75 

. 

. 

« 

. 

. 


Q 

Input Impedance (Common Mode) 


200 



* 



* 


kfl 

Common Mode Voltage 



±40 



* 



* 

V 

CMR (2) 

72 

80 


86 

94 


70 

* 


dB 

vs Temp (DC) (T A = T MN to T^) 

66 

76 


80 

90 



* 


dB 

AC 60Hz 


80 



94 



* 


dB 

OFFSET VOLTAGE (RTO) < 3 ’ 

Initial 



1 


m 




• 

mV 

vs Temp 


10 

50 





* 


pV/°C 

vs Supply (±1 1 .4V to ±1 8V) 

74 

90 


80 



* 

* 


dB 

vs Time 


200 



IBi 



* 


pV/mo 

ZERO ERROR* 4 ’ 

Initial 


0.01 

0.05 

■ 

■ 



0.025 

0.075 

% of span 

vs Temp 


10 

50 

■ 

■ 

m 




ppm of 
span/°C 

OUTPUT NOISE VOLTAGE 

f B = 0.1Hz to 10Hz 


50 


■ 

■ 



* 


ftVp-p 

f 0 = 10kHz 


800 






* 


nV/vHz 

DYNAMIC RESPONSE 

Gain Bandwidth 


150 


■ 

■i 





kHz 

Full Power Bandwidth 


30 






* 


kHz 

Slew Rate 


1.5 




m 


* 


V/ps 

Settling Time (0.01%) 


10 


| 

| 

ii 


* 


ps 

VOLTAGE REFERENCE 

Initial 

9.995 


10.005 

m 

■1 

■i 

9.99 


10.01 

V 

Trim Range* 5 ’ 


±4 








% 

vs Temp' 6 ’ 


5 

20 







ppm/°C 

vs Supply (±1 1 .4V to ±1 8V) 


0.0002 


| 


i i 




%/V 

vs Output Current (l Q = 0 to +10mA) 


0.0002 


■ 

mm Wm 

i 




%/mA 

vs Time 


15 


| | 

H K 

i 




ppm/kHr 

Noise (0.1Hz to 10Hz) 


5 


| 

^^| 

i 




pVp-p 

Output Current 

+10,-2 



| 

| | 

ii 

* 



mA 

POWER SUPPLY 

Rated 


±15 


■ 

m 

UM 

H 

1 

m 


Voltage Range* 7 ’ 

±11.4 


±18 








Quiescent Current (V 0 = 0V) 


3 

4 

| 

| 

| 

|| 

m 

| ] | 


TEMPERATURE RANGE 

Specification 

-25 


+85 

m 

■ 


n 

m 

+70 

°c 

Operation 

-55 


+125 






+85 

°c 

Storage 

-65 


+150 

| 

| 

IBH 


| 

+85 

°c 


•Specification same as RCV420AG. 


NOTES: (1 ) Nonlinearity is the max peak deviation from best fit straight line. (2) With 0 source impedance on Rev Com pin. (3) Referred to output with all inputs grounded 
including Ref In. (4) With 4mA input signal and Voltage Reference connected (includes V os , Gain Error, and Voltage Reference Errors). (5) External trim slightly affects 
drift. (6) The “box method" is used to specify output voltage drift vs temperature. (7) l 0 Ref « 5mA, l 0 Rev = 2mA. 
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MECHANICAL 


G Package -16-Pln Hermetic DIP 






I IL 0 JoL 


Z> 


Seating 

Plane 


mm 



m 

HEIM 

BE3I 


MUM 

mu 

MEim 


eem 


I3H 


mvm 


m&m 

'HI 

TiTM 



kim 

El 


MEM 

WPZW 

wm 

IQH 

■K'FFMai 


mm 

mem 


MW 


iHQH 

mam 


mem 


mm 


mem 

KIM 

HHB 

HOI 


na 

mm 

esh 

■nsa 

9 

■m 

mm, 

MEM 

mtm 

KIM 

WM 



NOTE: Leads in true 
position within 0.01 " 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
marked on package. 


P Package -16-PIn Plastic DIP 



r~ 

INCHES 



MM Ha IB 

mi 


wssm 

[A 


| " 



iM9i 


E3I 

KZ3 

KESl 

rr: 

MESM 

El 

mm 

7.38 

mm 


MS 

KMl 

6.36 

wm 

ms$M 

m:ou 

MBE1 

5.09 

D 

TiM 


BP1 

MEM 

F 

MEM 

MVKl 


1.78 

wm 

mm 

n 

H 

0.20 

.050 

0.51 

1.27 

m 

MIEEM 

MtilW 

KTI»i 

0.38 

wm 

ebb 

MEB1 

KE1 

EE9 

L 

m 

7.63 BASIC | 

mm 

0° 

mm 

0° 

15° 

N 

.010 

.030 

0.25 

0.76 

P 

M%M 


■mi 

MErM\ 


NOTE: Leads in true 
position within 0.010" 
(0.25mm) R at MMC 
at seating plane. 


PIN CONFIGURATION 




■ 

-in [7 


Wm 

C T [T 


Wm^Y 

+ln | 3 


sa i 

k 

o 

o 

0 


13| Rev Com 

Ref Com j 5 


12 | Refln 

NC [ 6 


11 ] Ref Out 

Ref Noise Reduction | 7 


10 | Ref f B 

Ref Trim | 8 


9 | NC 


ABSOLUTE MAXIMUM RATINGS 


Supply ±22V 

Input Current, Continuous 40mA 

Input Current Momentary, 0.1s 250mA, 1% Duty Cycle 

Common Mode Input Voltage, Continuous ±40V 

Lead Temperature (soldering, 10s) +300°C 

Output Short Circuit to Common (Rev and Ref) Continuous 
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ORDERING INFORMATION 


MODEL 

PERFORMANCE 

GRADE 

PACKAGE 

RCV420AG 

RCV420BG 

RCV420KP 

-25°C to +85°C 
-25°C to +85°C 

0°C to +70°C 

16-Pin Hermetic DIP 
16-Pin Hermetic DIP 
16-Pin Plastic DIP 


TYPICAL PERFORMANCE CURVES 

T a = +25°C, ±V cc = 15V unless otherwise noted. 


STEP RESPONSE 
NO LOAD 


SMALL SIGNAL RESPONSE 
NO LOAD 




SMALL SIGNAL RESPONSE 
R L = oo, C L = lOOOpF 


t — — 


m B'lliiilalBliiill ipi 




COMMON-MODE REJECTION POWER-SUPPLY REJECTION 




1 10 100 Ik 10k 100k 1 10 100 Ik 10k 100k 

Frequency (Hz) Frequency (Hz) 
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THEORY OF OPERATION 

Refer to the figure on the first page. For 0-5V output with 4- 
20mA input, the required transimpedance of the circuit is: 

V 0UT /I 1N = 5V/16mA = 0.3125V/mA. 

To achieve the desired output levels, 0V for 4mA and 5V for 
20mA, the output of the amplifier must be offset by an 
amount: 

V os = -(4mA)(0.3125V/mA) = -1.25V. 

The input current signal is connected to either +In or -In, 
depending on the polarity of the signal, and returned to 
ground through the center tap, C r The balanced input — two 
matched 75Q sense resistors, R s — provides maximum re- 
jection of common-mode voltage signals on C T and true 
differential current-to-voltage conversion. The sense resis- 
tors convert the input current signal into a proportional 
voltage, which is amplified by the differential amplifier. The 
voltage gain of the amplifier is: 

A d = 5V/(16mA)(75Q) = 4.1667V/V. 

The tee network in the feedback path of the amplifier pro- 
vides a summing junction used to generate the required -1 .25 V 
offset voltage. The input resistor network provides high- 
input impedance and attenuates common-mode input volt- 
ages to levels suitable for the operational amplifier’s common- 
mode signal capabilities. 

BASIC POWER SUPPLY 
AND SIGNAL CONNECTIONS 

Figure 1 shows the proper connections for power supply and 
signal. Both supplies should be decoupled with lpF tantalum 
capacitors as close to the amplifier as possible. To avoid gain 
and CMR errors introduced by the external circuit, connect 
grounds as indicated, being sure to minimize ground resis- 
tance. The input signal should be connected to either +In or 
-In, depending on its polarity, and returned to ground through 
the center tap, C T . The output of the voltage reference, Ref 
Out, should be connected to Ref In for the necessary level 


shifting. If the Ref In pin is not used for level shifting, then 
it must be grounded to maintain high CMR. 

GAIN AND OFFSET ADJUSTMENT 

Figure 2 shows the circuit for adjusting the RCV420 gain. 
Increasing the gain of the RCV420 is accomplished by 
inserting a small resistor in the feedback path of the ampli- 
fier. Increasing the gain using this technique results in CMR 
degradation, and therefore, gain adjustments should be kept 
as small as possible. For example, a 1 % increase in gain is 
typically realized with a 1 25Q resistor, which degrades CMR 
by about 6dB. 

A decrease in gain can be achieved by placing matched 
resistors in parallel with the sense resistors, also shown in 
Figure 2. The adjusted gain is given by the following expres- 
sion 

V 0Lrr /I |N = 0.3125 xR x /(R x + R s ). 

A 1% decrease in gain can be achieved with a 7.5kQ resistor. 
It is important to match the parallel resistance on each sense 
resistor to maintain high CMR. The TCR mismatch between 
the two external resistors will effect gain error drift and CMR 
drift. 

There are two methods for nulling the RCV420 output offset 
voltage. The first method applies to applications using the 
internal 10V reference for level shifting. For these applica- 




V OUT 

(0-5 V) 


FIGURE 1. Basic Power Supply and Signal Connections. 
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tions, the voltage reference output trim procedure can be used 
to null offset errors at the output of the RCV420. The voltage 
reference trim circuit is discussed under “Voltage Refer- 
ence.” 

When the voltage reference is not used for level shifting or 
when large offset adjustments are required, the circuit in 
Figure 3 can be used for offset adjustment. A low impedance 
on the Rev Com pin is required to maintain high CMR. 

ZERO ADJUSTMENT 

Level shifting the RCV420 output voltage can be achieved 
using either the Ref In pin or the Rev Com pin. The disadvan- 
tage of using the Ref In pin is that there is an 8:1 voltage 
attenuation from this pin to the output of the RCV420. Thus, 
use the Rev Com pin for large offsets, because the voltage on 
this pin is seen directly at the output. Figure 4 shows the 
circuit used to level-shift the output of the RCV420 using the 



FIGURE 3. Optional Output Offset Nulling Using External 
Amplifier. 


Rev Com pin. It is important to use a low-output impedance 
amplifier to maintain high CMR. With this method of zero 
adjustment, the Refin pin must be connected to the Rev Com 
pin. 

MAINTAINING COMMON-MODE REJECTION 

Two factors are important in maintaining high CMR: (1) 
resistor matching and tracking (the internal resistor network 
does this) and (2) source impedance. CMR depends on the 
accurate matching of several resistor ratios. The high accu- 
racies needed to maintain the specified CMR and CMR 
temperature coefficient are difficult and expensive to reliably 
achieve with discrete components. Any resistance imbalance 
introduced by external circuitry directly affects CMR. These 
imbalances can occur by: mismatching sense resistors when 
gain is decreased, adding resistance in the feedback path 
when gain is increased, and adding series resistance on the 
Rev Com pin. 

The two sense resistors are laser-trimmed to typically match 
within 0.01%; therefore, when adding parallel resistance to 
decrease gain, take care to match the parallel resistance on 
each sense resistor. To maintain high CMR when increasing 
the gain of the RCV420, keep the series resistance added to 
the feedback network as small as possible. Whether the Rev 
Com pin is grounded or connected to a voltage reference for 
level shifting, keep the series resistance on this pin as low as 
possible. For example, a resistance of 200 on this pin 
degrades CMR from 86dB to approximately 80dB. For 
applications requiring better than 86dB CMR, the circuit 
shown in Figure 5 can be used to adjust CMR. 

PROTECTING THE SENSE RESISTOR 

The 750 sense resistors are designed for a maximum con- 
tinuous current of 40mA, but can withstand as much as 
250mA for up to 0. Is (see absolute maximum ratings). There 
are several ways to protect the sense resistor from overcur- 



FIGURE 4. Optional Zero Adjust Circuit. 



FIGURE 5. Optional Circuit for Externally Trimming CMR. 
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rent conditions exceeding these specifications. Refer to Fig- 
ure 6. The simplest and least expensive method is a resistor 
as shown in Figure 6a. The value of the resistor is determined 
from the expression 

R x = V cc /40mA - 75ft 
and the full scale voltage drop is 

V RX = 20mA X R x 

for a system operating off of a 32V supply R x = 7250. and 
V RX = 14.5 V. In applications that cannot tolerate such a large 
voltage drop, use circuits 6b or 6c. In circuit 6b a power JFET 
and source resistor are used as a current limit. The 200ft 
potentiometer, R x , is adjusted to provide a current limit of 
approximately 30mA. This circuit introduces a 1-4V drop at 
full scale. If only a very small series voltage drop at full scale 
can be tolerated, then a 0.032 A series 217 fast-acting fuse 
should be used, as shown in Figure 6c. 

RESISTOR NOISE IN THE RCV420 

The output voltage noise of the RCV420 is dominated by the 
thermal noise generated in the resistor network. Figure 7 
shows the model for calculating resistor noise in the RCV420. 
The expression for resistor noise is: 

e N (rms) = V2jtKTRB 
where: K = Boltzman’s constant (J/°K) 

T = Absolute temperature (°K) 

R = Resistance (ft) 

B = Bandwidth (Hz) 

At room temperature, this noise becomes: 

e N = 1.3 X 10-'°Vr (V/VHz) 

The four noise sources in Figure 7 are: 
e m = 1.3 x 10-'° VRj 
e N , = 1.3 X 10- 10 Vr^ 
e N3 = 1.3 x 10- 10 
e N4 = 1.3 X 10- 10 <R 6 
Referred to output, 

e N01= e Nl < A d) 
e N02 = e N2 ( A d) 
e N03 = e N3 (R/^3) 
e NQ4 = e N4 + 

where A D is the differential voltage gain of amplifier. Adding 
as the root of the sums squared: 

e NO = ^ e NOl" + e N02" + e N03 2 + 

e N0 at a 150kHz bandwidth 
= 0.35mVrms 

= 2.1mVp-p with a crest factor of 6 (statistically 
includes 99.7% of all noise peak occurrences). 




b) R x set for 30mA current limit at 25°C. 



See Application Bulletin AB-014 for other protection circuits. 


FIGURE 6. Protecting the Sense Resistors with a) Resistor, b) 
JFET, c) Fuse. 
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VOLTAGE REFERENCE 

The RCV420 contains a precision 10V reference. Figure 8 
shows the circuit for output voltage adjustment. T rimming the 
output will change the voltage drift by approximately 



FIGURE 8 . Optional Voltage Reference External Trim Circuit. 


0.007ppm/°C per mV of trimmed voltage. Any mismatch in 
TCR between the two sides of the potentiometer will also 
affect drift, but the effect is divided by approximately 5. The 
trim range of the voltage reference using this method is 
typically ±400mV. The voltage reference trim can be used to 
trim offset errors at the output of the RCV420. There is an 8: 1 
voltage attenuation from Ref In to RC V Out, and thus the trim 
range at the output of the receiver is typically ±50mV. The high- 
frequency noise (to 1 MHz) of the voltage reference is typically 
1 mVp-p. When the voltage reference is used for level shifting, 
its noise contribution at the output of the receiver is typically 
1 25pVp-p due to the 8: 1 attenuation from Ref In to RCV Out. 
The reference noise can be reduced by connecting an external 
capacitor between the Noise Reduction pin and ground. For 
example, a 0.1 pF capacitor reduces the high-frequency noise 
to about 200jiVp-p at the output of the reference and about 
25jxVp-p at the output of the receiver. 

APPLICATIONS 

The RCV420 is ideally suited for applications requiring 
precise current-to-voltage conversion and high CMR. The 
following figures show several typical application circuits. 



FIGURE 9. RCV420 Used in Conjunction with XTR101 to Form a Complete Solution for 4-20mA Loop. 
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FIGURE 10. 4-20mA to 0-10V Conversion With Second-Order Active Low-Pass Filtering (f_ 3dB = 10Hz). 



FIGURE 11. Isolated 4-20mA Instrument Loop (RTD shown). 
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V OUT 

(0-5V) 


V OUT 

(0-5V) 


*R cm and R g are used to provide a first order correction of CMR and Gain 
Error, respectively. Table 1 gives typical resistor values for R CM and R G 
when as many as three RCV420S are stacked. Table 2 gives typical CMR 
and Gain Error with no correction. Further improvement in CMR and Gain 
Error can be achieved using a 500kQ potentiometer for R CM and a 1000 
potentiometer for R G . 


RCV420 

R cm (k 0) 

R g (A) 

1 

oo 

0 

2 

200 

7 

3 

67 

23 


TABLE 1 . Typical Values for R CM and R G . 


RCV420 

CMR (dB) 

GAIN ERROR % 

1 

94 

0.025 

2 1 

68 

0.075 

3 

62 

0.200 


TABLE 2. Typical CMR and Gain Error 
Without Correction. 



Vout = 0.3125 (I, - l 2 ) 

Max Gain Error = 0.1% (RCV420BG) 


FIGURE 13. Differential Current-to- Voltage Converter. 



V 0UT = 6.25V -(0.3125) (l 1N ) 


FIGURE 14. 4-20mA to 5-0V Conversion. 


FIGURE 12. Series 4—20mA Receivers. 
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FIGURE 16. 4-20mA Receiver with Output Current Boosted 
toil 00mA. 
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+15 Vo o -15V 



_[_13 Jj5 




1MQ< 


1 


r 

6 

555 

Timer 


► 10k£2 <10kQ 


IpF 3 1 O.OlpF 



:ioka < iokn 


0.57V 6.95V 


i 604Q < 22.9k£l 


Overrange 

Output 


Underrange 

Output 


See Application Bulletin 14 for more details. 


FIGURE 19. 4— 20mA Current Loop Receiver with Open Line and Overrange Detection Logic Outputs. 
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BURR-BROWN® 



XTR103 

ADVANCE INFORMATION 
SUBJECT TO CHANGE 


Precision 4mA to 20mA 
TWO-WIRE RTP TRANSMITTER 


FEATURES 

• INTEGRAL SENSOR EXCITATION aNII 
LINEARIZATION 

• LOW ZERO ERROR: IOjiA 

• LOW SPAN NONLINEARITY: 0.01% 

• HIGH POWER SUPPLY REJECTION: 
120dB 

• HIGH COMMON-MODE REJECTION: 
lOOdB 

• WIDE SUPPLY RANGE: 9V to 40V 

• ~40°C to +85°0 SPECIFIED 
TEMPERATURE RANGE ^ 


APPLICATIONS 

• INDUSTRIAL PROCESS CONTROL 
mkCADA 

1> ENERGY I^AGEMENT SYSTEMS 

DESCRIPTION 

The.XTR103 is a; precision 4mA to 20mA, two wire 
transmitter. It provides a reliable, low-cost solution for 
Restst^t^; Temperature Detection (RTD) signal con- 
ditioning. The circuit consists of a high accuracy 
^instrumentation amplifier (IA), a voltage-controlled 
output current source, dual-matched precision current 
sources; and RTD linearization circuitry. Dielectric 
isolation and laser-trimmed thin film resistors guaran- 
tee a level of performance which is both difficult and 
• expensive to reliably achieve with discrete compo- 
nents. Internal nonlinearity correction of RTD sensors 
eliminates the need for additional analog or digital 
signal processing. The XTR103 is housed in both 16- 
pin plastic and SOIC packages, and is also available in 
die form. 


1 

"T^ 0 +v cc 

1 

•Optional 

B p Optional J 

* Reverse Polarity 


Protection 

| d=Z O.lpF 1 


11 1 1 


Eext 1 

I 


14 



Optional 

r cm Zero Adjust 


* Diode may be placed in either position; 
series connection increases minimum 
compliance voltage. 

** R un provides RTD nonlinearity correc- 
tion. 
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SPECIFICATIONS 


ELECTRICAL 

At T a = +25°C, v cc = +24V, and 2N2222 external transistor. 




XTR103AP/U 

XTR103BP 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 




UNITS 

OUTPUT 

Current 

Linear Operation 

4 


20 


m 

m 

. 

mA 


Derated Performance 

3.8 


22 




* 

mA 

Full Scale Output Current Error 

Ae IN = IV, R s * Infinite 



50 


■ 

H H 

25 

pA 

Current Limit 



32 

40 



H H 

* 

mA 

Noise (to 1kHz) 

R s = 250 


6 






pVp-p 

Load Resistance 11 ' 

At V cc - 24V, l Q = 20mA 



750 



■ ■ 

* 

n 

ZERO 

Initial Error< 2 > 

e IN = 0, R s = Infinite 

m 

m 



u 

■ 


pA 

vs Temperature 









ppm/°C 

vs Supply Voltage 


SI 





| 


ppmA/ 

vs Common-Mode Voltage 







IMImi 


ppm/V 

SPAN 



MB— 





§Bfl§M| 


Output Current Equation 

R s in O, e, and e 2 in V T 

l 0 = 4mA + (0.01 6 + (40/R s )] (e 2 

- e t ) 


iiiiiiiiii:::.. 


Span Equation 



S = [0.016 + (40/R s )] 




AN 

Untrimmed Error" 5 ' 


-1 

V0.5? : 

0 . 



* 


% 

vs Temperature 

Excluding TCR of • 







%25 

ppm/°C 

Nonlinearity: Ideal Input' 4 ' 



.0,0 1 





% 

Sensor Input' 5 ' 




. = 0.1 




* 

% 

Hysteresis 



o A 




; * 

i'" 

% 

Dead Band 


• 







% 

INPUT 

Voltage Range 








♦ 

V 

Impedance: Differential 



... 3 




* 


GQ 

Common-mode 



0.5 




* 


GG 

Offset Voltage 




50 :: 




25 

pV 

vs Temperature 




: : ' 1 




0.5 

pV/°C 

vs Supply 


110 


. 


120 



dB 

Bias Current 









nA 

vs T empe rature, 




•€ 





nA/°C 

Offset Current 




x:> 20 





nA 

vs Temperature '"if;: 




0.2 





nA/°C 

Common-Mode Range 

e , and e, with respect to pin 7 

: =*. 


4 


* 



V 

Common-Mode Rejection ; 

OC 

: ':90 " ; *i; 




100 



dB 

CURRENT SOURCES f 

Magnitude 



0.8 




. 


mA 

Accuracy 




0.5 




0.25 

% 

vs Temperature 




rr— 




50 

ppm/°C 

vs Supply 



50 




* 


ppmA/ 

vs Time 



10 




* 


ppm/mo. 

Compliance Voltage 

with respect to pin ? jf: 



Vcc' 5 




* 

V 

Match 




0.1 




* 

% 

vs Temperature 




20 




10 

ppm/°C 

vsV cc , ' , 



10 




* 


ppmA/ 

vs Time 



1 




• 


ppm/mo. 

Output Impedance 



25 




* 


MQ 

POWER SUPPLY 

Voltage Range 


9 



* 


* 

V 

TEMPERATURE RANGE 

Specification 


-40 

m 


1 


II 

mm 


Operating ::; i|i| 


-40 








Storage 


-55 



1 


BMI 

M 

■E— 


NOTES: (1 ) The transmitter's maximum load resistance depends on V cc and is determined by the equation: R LMAX = (V cc - 9V) / l OMAX . (2) Zero Error includes current 
source errors. (3) Can be adjusted to zero. (4) Best fit span nonlinearity with an ideal voltage input. (5) Best fit, corrected span nonlinearity with a PT100 RTD 
input operated from -200°C to +850°C. 
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BURR-BROWN® 



XTR104 

ADVANCE INFORMATION 
SUBJECT TO CHANGE 


Precision 4mA to 20mA 
TWO-WIRE STRAIN GAUGE TRANSMITTER 


FEATURES 

• INTEGRAL SENSOR EXCITATION AND 
LINEARIZATION 

• LOW ZERO ERROR: lOpA 

• LOW SPAN NONLINEARITY: 0.01% 

• HIGH POWER SUPPLY R EJECTION :\ 
120dB 

• HIGH COMMON-W|DE REJECTION: 
lOOdB 

• WIDE SUPPLY R^NGE: 9V to 40 V F 

• -40°C to +S5PC SPECIFIEt) Vj\ 
TEMPERATURE RANGE 


APPLICATIONS 

• INDUSTRIAL PROCESS CONTROL 

• FACTORY AUTOMATION ' 

• SCADA 

• WEIGHTING SYSTEMS 
p • ACCELEROMETERS 

DESCRIPTION 

The XTR104 is a precision 4mA to 20mA, two wire 
transmitter. |$ provides a reliable, low-cost solution for 
llhigh-impeidaiic^istmin gauge bridge signal condition- 
ing. The : circuit consists of a high accuracy instrumen- 
tation amplifier (IA), a voltage-controlled output cur- 
rent source, a precision 5V reference, and bridge 
linearization circuitry. Dielectric isolation and laser- 
trimmed thin film resistors guarantee a level of per- 
ifermance which is both difficult and expensive to 
i reliably achieve with discrete components. Internal 
nonlinearity correction of bridges eliminates the need 
for additional analog or digital signal processing. The 
XTR104 is housed in both 16-pin plastic and SOIC 
packages, and is also available in die form. 


Optional 
Zero Adjust 


•Optional 

-r * Reverse Polarity 
^ Protection 


•Diode may be placed in either 
position; series diode increases 
minimum compliance voltage. 
**±LIN may be interchanged to 
compensate for positive or 
negative linearity errors of sensor; 
R un provides sensor nonlinearity 
correction. 
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SPECIFICATIONS 


ELECTRICAL 

At T a = +25°C, V cc = +24V, and 2N2222 external transistor. 




| XTR104AP/U | 

! XTR104BP | 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

| MIN | 



UNITS 

OUTPUT 

Current 

Linear Operation 

4 


20 


■ 

. 

mA 


Derated Performance 

3.8 


22 



* 

mA 

Full Scale Output Current Error 

Ae IN = IV, R s = Infinite 



50 


■ ■ 

25 

pA 

Current Limit 



32 




* 

mA 

Noise (to 1kHz) 

R s = 250 


6 

1 

■ 



pVp-p 

Load Resistance 11 ’ 

At V cc = 24V, l Q = 20mA 




■ 

P 

* 

a 

ZERO 

Initial Error* 2 ’ 

e 1N = 0, R s = Infinite 

R 

II 

hS 

■ 

■ 

H 

pA 

vs Temperature 




Ht» 




ppm/°C 

vs Supply Voltage 


P||||i|| 





KPH 

ppm/V 

vs Common-mode Voltage 




Qi 

P 


HH 

ppm/V 

SPAN 



i n 

m i 

i 


Fillip 


Output Current Equation 

R s in 12, e, and e 2 in V %.i. 

L \ n = 4mA + [0.016 + (40/RJ] (e, - e,) M 

jUj 



Span Equation 



S = [0.016 + (40/R s )] 



up 

A/V 

Untrimmed Error* 3 ’ 


m?*: 

V0.5T 

o . 


c 

P 

% 

vs Temperature 

Excluding TOR of 


Ji | 

50 


jjplllil 


ppm/°C 

Nonlinearity: Ideal Input* 4 ’ 




.01 




% 

Sensor Input* 5 ’ 




jk..otem 




% 

Hysteresis 



o J 





% 

Dead Band 








% 

INPUT 

Voltage Range 








V 

Impedance: Differential 



3 



* 


GQ 

Common-mode 



. 0.5 



* 


GQ 

Offset Voltage 







25 

pV 

vs Temperature 




11&.1 



0.5 

pV/°C 

vs Supply 


no . 



120 



dB 

Bias Current 







* 

nA 

vs Temperature,. 







* 

nA/°C 

Offset Current 




s* 20 



* 

nA 

vs T emperature 







* 

nA/°C 

Common-mode Flange. 

. e, and e 2 with respect to pin 7 

m 



* 


* 

V 

Common-mode Rejection 

" : ;p :y . V: : 




100 




dB 

VOLTAGE REFERENCE 

Magnitude 



5 





V 

Accuracy 




0.20 



0.1 

% 

vs Temperature 




50 


i 

25 

ppm/°C 

vs Supply 



5 



* 


ppmA/ 

vs Load 



50 



* 


ppm/mA 

vs Time ,#*! 



10 



* 


ppm/mo. 

Load Resistance 


2500 



* 



Q 

POWER SUPPLY 

Voltage Range 


■ 



* 


* 

V 

TEMPERATURE 

Specification 


E9 

m 

85 

■1 


. 


Operating 


s| 


85 



* 


Storage 


KJI 


125 

HU 


* 



NOTES: (1 ) The transmitter’siii^^iim load resistance depends on V cc and is determined by the equation: R LMAX = (V cc - 9V) / l OMAX . (2) Zero Error includes voltage 
reference errors. (3) Can be adjusted to zero. (4) Best fit span nonlinearity with an ideal voltage input. (5) Best fit, corrected span nonlinearity with a lOOmV full- 
scale input with a 2% endpoint nonlinearity. 
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ISOLATION PRODUCTS 


WHAT IS AN ISOLATION AMPLIFIER? 

An isolation amplifier is a device with the primary function of providing 
ohmic isolation (breaking the ohmic continuity of an electrical signal) 
between the input signal/circuitry and the output of the amplifier. It usually 
consists of an input operational amplifier or instrumentation amplifier 
followed by a unity-gain isolation stage. The sole purpose of the unity-gain 
isolation stage is to completely isolate the input from the output of the 
device. Ideally, the ohmic continuity of the input signal is broken (at the 
isolation barrier) yet accurate signal transfer without any attenuation is 
achieved across the unity-gain isolation stage. An important feature of an 
isolation amplifier is that it has a completely floating input which helps 
eliminate cumbersome connections to source ground. 

Figures 1 and 2 show typical isolation amplifier applications. The isolation- 
mode voltage V IS0 is the voltage that exists across the isolation barrier. The 
contribution of the output-referred error caused by V ISQ is (V ISO /IMRR) X 
Gain where IMRR is the Isolation Mode Rejection Ratio. V SIG is the dif- 
ferential input signal and V CM is the common-mode voltage. Leakage Cur- 
rent is the current that flows across the isolation barrier with some specified 
isolation voltage applied between the input and the output. 




CHARACTERISTICS OF ISOLATION AMPLIFIERS 

Following is a discussion of some characteristics and terms unique to 
isolation amplifiers. 


COMMON-MODE VOLTAGE AND ISOLATION VOLTAGE 
Some manufacturers (other than Burr-Brown) treat common-mode voltage 
and isolation voltages synonymously in describing the use and /or specifi- 
cations of isolation amplifiers. It is important to understand the significance 
of these terms and the difference between them. 
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When the input common is grounded, the differential input signal V D (see 
Figure 1) can be floated by the amount V CM above the input ground. V CM is 
the common-mode voltage (CMV) and is generally ±10V, limited by the 
CMV rating of the input stage amplifier. In applications involving higher 
systems common-mode voltages, the input common terminal is not 
grounded and the common-mode voltages are referenced across the isola- 
tion barrier to the output common terminal. 


Isolation 



Figure 1. Typical Isolation Amplifier, Current (Input) Mode. 


The isolation voltage V ISO shown in Figure 1 is the potential difference 
between the input common and the output common terminals. The isolation 
voltage rating describes the amount of voltage that the isolation barrier can 
withstand without breakdown. This feature of the isolation amplifier allows 
two distinct ground connections to be made when necessary. It allows the 
isolation amplifier to be used in applications involving very high common- 
mode voltages and in applications of breaking ground loops. 

Many applications involve a large “system common-mode voltage.” In such 
applications, the isolation amplifier’s input common terminal is not con- 
nected to any ground but the output common terminal is connected to the 
system ground. In such a case, the term V CM shown in Figures 1 and 2 
becomes negligible and V IS0 determines the safe limit for the system com- 
mon-mode voltage. In this manner, the isolation amplifier can accommodate 
common-mode voltages of 2000V or more. 
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Isolation 

Barrier 



*IMRR in V/V 


V 0 


(V S k± 


8,0 CMRR 




Figure 2. Typical Isolation Amplifier, Voltage (Input) Mode. 


COMMON-MODE REJECTION AND ISOLATION REJECTION 

Isolation-mode rejection (IMR) is another term that some other manufactur- 
ers refer to as common-mode rejection (CMR). The preceding discussion on 
the common-mode voltage and isolation voltage helps recognize the differ- 
ence between CMR and IMR. The CMR is the measure of the input stage 
amplifier’s ability to reject common-mode input signals (common-mode 
with reference to the output common) while transmitting the differential 
signal across the isolation barrier. The isolation-mode rejection ratio 
(IMRR) is defined by the equations shown in Figures 1 and 2. Thus, 
understanding the IMR capability of isolation amplifiers allows their mean- 
ingful use in applications requiring veiy high common-mode rejection ratios 
such as lOOdB to 140dB. 

ISOLATION VOLTAGE RATINGS, TEST VOLTAGE 

It is important to understand the significance of the continuous derated 
isolation voltage specification and its relationship to the actual test voltage 
applied to the unit. Since a “continuous” test is impractical in a product 
manufacturing situation (implies infinite test duration) it is generally ac- 
cepted practice to perform a production test at a higher voltage than the 
continuous rating for some shorter length of time. 

The important consideration is then the relationship between actual test 
conditions and the continuous derated minimum specification.” There are 
several rules of thumb used throughout the industry to establish this 
relationship. For most isolation amplifiers, Burr-Brown has chosen a very 
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conservative one: V TEST = (2 X V C0OTIN0USRATINC ) + 1000V. This relationship 
is appropriate for conditions where the system transient voltages are not well 
defined.* Where the real voltages are well defined or where the isolation 
voltage is not continuous, the user may choose to use a less conservative 
derating to establish a specification from the test voltage. 

Beginning with the introduction of the ISO 120 and IS0121, new introduc- 
tions are being tested for partial discharge. To accommodate poorly defined 
transients, the part under test is exposed to a voltage 1.6 times the continuous 
rated voltage and must display a partial discharge level of <5pC in a 100% 
production test. This method is described in detail in the ISO 120 data sheet. 


APPLICATIONS OF ISOLATION AMPLIFIERS 

When one or more of the following conditions/requirements are present in 
an application, an isolation amplifier would generally be the right choice as 
a signal conditioning device: 

• When ohmic isolation between the signal source and the output is a 
requirement (isolation impedance between the input and the output is 
>10M Q). 

• When common-mode noise and voltage rejection requirements are 
>100dB. 

• When is necessary to process signals in the presence of, or riding on, high 
common-mode voltages (CMV » 10V). 

In general, most applications can be broadly categorized into the following 
four types: 

• Amplifying and measuring low level signals in the presence of high 
common-mode voltages. 

• Breaking ground loops and/or eliminating source ground connections. 
The isolation amplifier provides full floating input, eliminating the need for 
connections to source ground, and thus allowing two-wire hook-up to the 
signal sources. 

• Providing an interface between medical patient monitoring equipment 
and the transducer/devices that may be in physical contact with the patients. 
Such applications require high isolation voltage levels and very low leakage 
currents. 

• Providing isolation protection to electronic instruments/equipment. 
Large common-mode voltages occasionally cause hazardous electronic 
faults. The low leakage currents and high isolation voltage capabilities of 
isolation amplifiers help protect instruments against damage caused by 
such faults. 


♦Reference National Electrical Manufacturers Association (NEMA) Standards Parts ICS 
1-109 and ICS 1-111. 
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Isolation amplifier performance requirements vary significantly, depending 
on the type of requirement. In applications where bandwidth and speed of 
response are more important than gain accuracy and linearity, the optically 
or capacitively coupled amplifiers will be the best choice. For applications 
where gain accuracy and linearity are key parameters, Burr-Brown’s family 
of transformer or capacitively coupled amplifiers are the suitable choice. 

ISOLATION AMPLIFIERS SELECTION GUIDES 

The following Selection Guides show parameters for the high grade. Refer 
to the Product Data Sheet for a full selection of grades. Models shown in 
boldface are new products introduced since publication of the previous 
Burr-Brown IC Data Book. 
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TRANSFORMER-COUPLED AMPLIFIERS 



Boldface = NEW 

Isolation 
Voltage (V) 
Pulse 
Cont Test, 
Descrfp Model Peak Peak 

Isolation 
Mode Re- 
jection, typ 
DC 60Hz 
(dB) (dB) 

Leakage Volt- 

Current Iso Gain Non- age Bias 

at Test Imped- linearity Drift Current ±3dB 

Voltage ance max typ (±pV/°C) 1 Freq 

(pA) (Q) (pF) (%) (%) max max (kHz) 

Ext 

Iso 

Power 

Req 

Page 
Temp (,) No. 

High 3656G ±3500 

Isolation 

Voltage 

±8000 

160 

125 

0.5 10' 2 6 ±0.05 ±0.03 5+ 100nA 

(1000/G,) 

30 

No 

Ind 4-108 

Low Cost IS0212P±1060 

Self- 

Powered 

±1697 

160 

115 

2 10 10 12 ±0.025±0.015 ±30 50nA 

(±30/G t ) 

1 

No 

Com S4-51 

NOTES: The package for the 3656G is a DIP, the package for the IS021 2P is a SIP. (1 ) Ind = -25°C to +85°C Com = 0°C to 
+70°C. 


OPTICALLY COUPLED AMPLIFIERS 




Isolation 

Isolation 

Leakage 




Volt- 








Voltage (V) 

Mode Re- 

Current 

Iso 

Gain Non- 

age 

Bias 


Ext 






Pulse/ 

jection, typ 

at Test 

Imped- 

linearity 

Drift Current ±3dB 

Iso 





Cont 

Test, 

DC 

60Hz 

Voltage 

ance 

max typ (±uV/°C) 

i 

Freq 

Power 


Page 

Descrip 

Model 

Peak 

Peak 

(dB) 

(dB) 

(t*A) 

(«) 

(PF) 

(%) (%) 

max 

max 

(kHz) 

Req 

Temp 01 

No. 

Balanced 

Current 

Input 

3650G 

±2000 

±5000 

140 

120 

0.25 (2) 

10 12 

1.8 

±0.05 ±0.02 

5 

10nA 

15 

Yes (3) 

Ind 

4-100 

Balanced 

3652G 

±2000 

±5000 

140 

120 

0.25 <2) 

10 12 

1.8 

±0.1 ±0.05 

25 

50nA 

15 

Yes 

Ind 

4-100 

Low Drift 

ISO100P 750 

2500 

146< 3 > 

1 08 (3> 

0.3 

10' 2 

2.5 

0.07 0.02 

4 ( 3 ) 

10nA 

60 

Yes 

Ind 

4-8 

Wide BW 
















NOTES: All packages are DIPs. (1) Ind = - 

-25°C to +85°C. 

(2) At 240V/60HZ. (3) R w = 1 Okft, Gain = 1 00. 



CAPACITOR COUPLED, HERMETICALLY SEALED AMPLIFIERS 





Boldface = 

NEW 



Isolation 

Isolation Leakage 




Volt- 








Voltage (V) 

Mode Re- Current 

Iso 

Gain Non- 

age 

Bias 


Ext 






Pulse/ jection,typ at Test 

Imped- 

linearity 

Drift Current ±3dB 

Isol 





Cont 

Test, 

DC 60Hz Voltage 

ance 

max typ (±uV/°C) 1 

Freq 

Power 

Page 

Descrip 

Model 

Peak 

Peak 

(dB) (dB) 

(HA) 

(ft) 

(PF) 

(%> (%> 

max 

max 

(kHz) 

Req Temp ( 

'> No. 

1500VAC ISO102B ±2121 

±4000 

160 

120 

1.0 

10 14 

6 

±0.003 ±0.002 

±250 

100nA 

70 

Yes 

Ind 

4-20 

Isolation 

ISO120B ±2121 

±3535 (2) 160 

115 

0.5 

10 14 

2 

±0.02 ±0.005 

±150 

50pA 

60 

Yes 

Ind 

4-44 


IS0122P ±2121 

±3394 

160 

140 

0.5 

10 14 

2 

±0.02 ±0.008 

±200 

50|xA 

50 

Yes 

Com (3) S4-40 

3500VAC ISO106B ±4950 

±8000 

160 

130 

1.0 

10 u 

6 

±0.025 ±0.007 

±250 

lOOpA 

70 

Yes 

Ind 

4-20 

Isolation 

IS0121B ±4950 

±5600 (2) 160 

115 

0.5 

10' 4 

2 

±0.01 ±0.005 

±150 

50pA 

60 

Yes 

Ind 

4-20 


NOTES: AH packages are DIPs. (1) Ind = -25°C to +85°C. Com « 0°C to +70°C. (2) Partial discharge voltage. (3) Not Hermetic. 
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ISOLATION POWER SUPPLIES'” Boldface = NEW 


Isolation Leakage Current, 




Voltage (V) 

Input 

Current 



Balanced 

Sensitivity 







Pulse/ 

Voltage 

240VAC 

Isolation 

Loads On All 

To Input 






Cont 

Test 

(VDC) 

60Hz 

Impedance 

Outputs (mA) 

Change 



Page 

Description 

Model 

Peak 

Peak 

min 

max 

(pA) 

(«) 

(pF) 

Rated 

Max (1) 

(V/V) 

Temp (2> 

Pkg 

No. 

Single 

700 

1500 

4200 

10 

18 

1 

10 10 

5 

±3-30 

±60 

1.08 

Ind 

Mod 

4-86 

±15V 

700U 

2000 

5000 

10 

18 

1 

10 10 

3 

±3-30 

±60 

1.08 

Ind 

Mod 

4-86 

Output 

PWS725A 

2121 

4000 

7 

18 

1.2 

10 12 

9 

±15 

±40 

1.15 

Ind 

DIP 

4-65 


PWS726A 

4950 

8000 

7 

18 

1.2 

10 12 

9 

±15 

±40 

1.15 

Ind 

DIP 

4-65 

Dual ±15V 

722 

4950 

8000 

5 

16 

1 

10'° 

6 

±3-40 

±50 

1.13 

Ind 

Mod 

4-92 

Output 

PWS727 

1060 

1700 

10 

18 

1.5 

10” 

8 

±15 

±30 

1.15 

Com 

Mod S4-62 


PWS728 

1060 

1700 

4.5 

5.5 

1.5 

10” 

8 

±15 

±30 

3.2 

Com 

Mod S4-62 

Quad ±1 5 V 

710 

1000 

3100 

10 

18 

1 

10 10 

8 

±9.5 

±60 

1.08 

Ind 

Mod 

4-88 

Output 















Quad ±8V 

724 

1000 

3000 

5 

16 

1 

10'° 

6 

±3-16 

±60 

0.63 

Ind 

Mod 

1 

Output 















Multiple 

PWS740 

2121 

4000 

7 

20 

1.5 

10” 

3 

30< 3 > 

60< 3 > 

1.20 

Ind 

Sys (4) 

i 

4-96 

Output (1-8) PWS745"” 1060 

1700 

4.5< 5 > 

18(6) 

1.5 

10” 

8 

±15 

30 

V) 

Ind 

Comp S4-69 


PWS750 

1060 

1700 

4.5 (5) 

18(6) 

1.5 

10” 

8 

±15 

30 

( 7 ) 

Ind 

CompS4-71 


NOTES: (1 ) See complete Product Data Sheet for full specifications, especially regarding output current capabilities. (2) Ind =-25°C 
to +85°C. Com = 0°C to +70°C. (3) Per channel. (4) 1 TO-3 driver per 8 channels, plus 2 DIPs per channel. (5) 5V operation. 
(6) 1 5V operation. (7) 5V operation: 3.2; 1 5V operation: 1.15. (8) PWS745-1 driver may also be used with PWS740 and PWS750 
components. 


CAPACITOR-COUPLED ISOLATION AMPLIFIER, WITH POWER 




Boldface = NEW 


Isolation 

Isolation 

Leakage 



Volt- 





Voltage (V) 

Mode Re- 

Current 

Iso 

Gain Non- 

age 

Bias 





Pulse/ 

jection, typ 

at Test 

Imped- 

linearity 

Drift 

Current 

±3dB 



Cont 

Test, 

DC 

60Hz 

Voltage 

ance 

max typ 

(±pV/°C) 

| 

Freq 

Page 

Description Model 

Peak 

Peak 

(dB) 

(dB) 

(pA) 

(O) (pF) 

(%) (%) 

max 

max 

(kHz) Temp (1) No. 

1500 VAC ISO103 

2121 

3394 (2) 

160 

130 

1.0 

10” 11 

0.025 0.01 

4001” 

50pA 

20 

Ind S4-8 

Input Power 












1500VAC IS0113 

2121 

3394 (2) 

160 

130 

1.0 

10” 11 

0.02 0.012 

400'” 

50pA 

20 

Ind S4-32 

Output Power 












2500VAC ISO107 

3535 

8000 

160 

100 

1.2 

10 12 13 

0.025 0.01 

400‘ 1 > 

50pA 

20 

Ind S4-16 


Input Power 


NOTES: All packages are DIPs. (1 ) Ind = -25°C to +85°C. (2) Partial discharge voltage. 


CAPACITIVELY COUPLED VOLTAGE-TO-FREQUENCY CONVERTER 



Boldface 

= NEW 

Descrip Model 

Isolation 
Voltage (V) 
Pulse/ 
Cont Test 
Peak Peak 

Leakage 
Current 
at Test 
Voltage 
(FA) 

Isolation 
Impedance 
(«) (PF) 

Non-lin- 
earity at 
1MHz 

(typ) 

Bias 

Current 

max 

(pA) 

Operating 

Freq 

max 

(MHz) 

External 

Isolation 

Power 

Req 

Temp 1 

Page 
’> No. 

1 500Vrms ISO108 

2121 

3394 (2) 

0.3 typ 

10” 

3 

0.01 

250 

3 

Yes 

Ind 

S4-24 

3500Vrms ISO109 

4950 

79181” 

0.3 typ 

10” 

3 

0.01 

250 

3 

Yes 

Ind 

S4-24 


NOTES: Package is DIP. (1) Ind = -25°C to +85°C. (2) Partial discharge voltage. 
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Low-Cost, Internally Powered 
ISOLATION AMPLIFIER 


FEATURES 

• SIGNAL AND POWER IN ONE 
DOUBLE-WIDE (0.6") SIDE-BRAZED 
PACKAGE 

• 5600Vpk TEST VOLTAGE 

• 1500Vrms CONTINUOUS AC BARRIER 
RATING 

• WIDE INPUT SIGNAL RANGE: 
-lOVto+IOV 

• WIDE BANDWIDTH: 

20kHz Small Signal, 20kHz Full Power 

• BUILT-IN ISOLATED POWER: 

±10V to ±18V Input, ±50m A Output 

• MULTICHANNEL SYNCHRONIZATION 
CAPABILITY (TTL) 

• BOARD AREA ONLY 0.72in. 2 (4.6cm 2 ) 


DESCRIPTION 

The ISO 103 isolation amplifier provides both signal 
and power across an isolation barrier. The ceramic 
non-hermetic hybrid package with side-brazed pins 
contains a transformer-coupled DC/DC converter and 
a capacitor-coupled signal channel. 

Extra power is available on the isolated input side for 
external input conditioning circuitry. The converter is 
protected from shorts to ground with an internal cur- 
rent limit, and the soft-start feature limits the initial 
currents from the power source. Multiple-channel syn- 
chronization can be accomplished by applying a TTL 
clock signal to paralleled Sync pins. The Enable con- 


APPLICATIONS 


• MULTICHANNEL ISOLATED DATA 
ACQUISITION 

• ISOLATED 4-20mA LOOP RECEIVER AND 
POWER 

• POWER SUPPLY AND MOTOR CONTROL 

• GROUND LOOP ELIMINATION 


I Duty CycleX 
Demodulator/ v out 



‘Ground if not used 

trol is used to turn off transformer drive while keeping 
the signal channel demodulator active. This feature 
provides a convenient way to reduce quiescent current 
for low power applications. 

The wide barrier pin spacing and internal insulation 
allow for the generous 1500Vrms continuous rating. 
Reliability is assured by 100% barrier breakdown test- 
ing that conforms to UL1244 test methods. Low bar- 
rier capacitance minimizes AC leakage currents. 

These specifications and built-in features make the 
ISO 103 easy to use, as well as providing for compact 
PC board layouts. 


International Airport Industrial Park • Mailing Address: P0 Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800) 548-6132 
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SPECIFICATIONS 


ELECTRICAL 

At T a = +25°C and V CC2 = ±15V, ±15mA output current unless otherwise noted. 




ISO103 

ISO103B 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

ISOLATION 

Rated Continuous Voltage'” 









AC, 60Hz 

T m. to T max 

1500 



* 



Vrms 

DC 


2121 



* 



VDC 

Test Breakdown, 100% AC, 60Hz 

10s 

5657 



* 



Vpk 

Isolation-Mode Rejection 

1500Vrms, 60Hz 


130 



* 


dB 


2121VDC 


160 



* 


dB 

Barrier Impedance 



10 13 1| 9 



* 


nil PF 

Leakage Current 

240Vrms, 60Hz 


1 

2 


* 

* 

pA 

GAIN 

Nominal 



1 


II 

■■ 


V/V 

Initial Error 



±0.12 

±0.3 




% FSR 

Gain vs Temperature 



±60 

±100 




ppm/°C 

Nonlinearity 

V o =-10V to 10V 


±0.026 

±0.05 

■ 



% FSR 


V 0 = -5Vto5V 


±0.009 





%FSR 

INPUT OFFSET VOLTAGE 

Initial Offset 



±20 

±60 

■1 

mm 


mV 

vs Temperature 



±300 

±500 



±250 

pV/°C 

vs Power Supplies 

V CC2 = ±10V to ±1 8V 


0.9 


■ 



mV/V 

vs Output Supply Load 

l n = 0 to ±50mA 


±0.3 





mV/mA 

SIGNAL INPUT 

Voltage Range 

Output Voltage in Range 

±10 

±15 


jm 

H 


V 

Resistance 



200 





kfl 

SIGNAL OUTPUT 

Voltage Range 


±10 

±12.5 





V 

Current Drive 


±5 

±20 


* 



mA 

Ripple Voltage, 800kHz Carrier 



25 





mVp-p 

400Q/4.7nF (See Figure 4) 



5 





mVp-p 

Capacitive Load Drive 



1000 





PF r- 

Voltage Noise 



4 



* 


pV/VRz 

FREQUENCY RESPONSE 

Small Signal Bandwidth 



20 


mm 

1 


kHz 

Slew Rate 



1.5 





V/ps 

Settling Time 

0.1%, -10/10V 


75 





ps 

POWER SUPPUES 

Rated Voltage, V CC2 



±15 





V 

Voltage Range 


±10 


±18 

* 


* 

V 

Input Current 

l Q = ±15mA 


+90/-4.5 





mA 

Ripple Current 

No Filter 


60 





mAp-p 

C 1N =1pF 



3 





mAp-p 

Rated Output Voltage 


±14.25 

±15 

±15.75 

* 


* 

V 

Output Current 

Balanced Load 


±15 

±50 



* 

mA 

Single 



30 

100 



* 

mA 

Load Regulation 

Balanced Load 


0.3 





%/mA 

Line Regulation 



1.12 





V/V 

Output Voltage vs Temperature 



2.5 





mV/°C 

Voltage Balance Error, ±V CC1 



0.05 





% 

Voltage Ripple (800kHz) 

No External Capacitors 


50 





mVp-p 

C E xt=1fF 



5 





mVp-p 

Output Capacitive Load 




1 



* 

pF 

Sync Frequency 

TTL, 50% Duty Cycle 

1.25 

1.6 

2 

* 

* 

* 

MHz 

TEMPERATURE RANGE 

Specification 



■ 


|| 

II 

mm 

n 

Operating 









Storage 





■■ 


WBm 

mm 


NOTE: (1) Conforms to UL1244 test methods. 100% tested at 1500Vrms for 1 minute. 
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MECHANICAL 


G Package — 24-Pln Ceramic DIP 


A 


24 


13 

B 

> Pin 1 Identifier 

zr 


, 


i 


12 





■MIMiiiSl 

EM 



EM 

imvii 

H3H 

mriti 


E EBB 

KOEEl 

El 

KM 


CE1 

1EEM 

191 


EM 

wxsm 

E5B 

El 

■TO EM 


lOtil 

IBM 

BQBI 

BElSSSfli 

BDGH5MM 

191 


wmimsm 

I» 

■TOM 


msm 

K9 

mm 


1TOM 

ihesm 

IDEM 

n 

mvm 

MEM 

teuton 

EEM 

m 

■W»3M 

EM 

ESI 

KEfZl 

mm 

BE3M 

19 

mum 

BEBI 


NOTE: Leads in 
true position within 
0.01" (0.25mm) R at 
MMC at seating 
plane. Pin numbers 
shown for reference 
only. Numbers may 
not be marked on 
package. 




ABSOLUTE MAXIMUM RATINGS 


Supply Without Damage ±18V 

V (N , Sense Voltage d50V 

Com 1 to Gnd 1 or Com 2 to Gnd 2 ±200mV 

Enable, Sync 0V to +V CC2 

Continuous Isolation Voltage 1500Vrms 

V 1S0 , dv/dt 20kV/(is 

Junction Temperature 150°C 

Storage Temperature -25°C to +125°C 

LeadTemperature.lOs 300°C 

Output Short to Gnd 2 Duration Continuous 

±V CC1 to Gnd 1 Duration Continuous 


PIN CONFIGURATION 


+v c E 

1 

24] PsGnd 

+v oet E 


23] Gnd 1 

-v c =, E 


HI V IN 

-Vo E 


iT| Com 1 

Com 2 [IT 


m -Vcc, 

Vou,E 


is| Sync* 

Sense [77 


S*. 

Gnd 2 [tji[ 


T 3 ] Enable 

"Operation requires this pin be grounded or driven with TTL levels. 
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Output Voltage (V) THD + N (%) Maximum Isolation Voltage (Vpk) 
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TYPICAL PERFORMANCE CURVES 

T a = +25°C, V CC2 = +15VDC, ±15mA output current unless otherwise noted. 


RECOMMENDED RANGE OF ISOLATION VOLTAGE 



100 Ik 10k 100k 1M 10M 

Isolation Voltage Frequency (Hz) 



10 100 Ik 10k 100k 

Isolation Voltage Frequency (Hz) 




20 100 Ik 10k 20k 



Frequency (Hz) 


Small Signal Frequency (Hz) 



0 50 100 

Time (ps) 


ISOLATED POWER SUPPLY 



60 


45 


30 


15 


0 


0 10 20 30 40 50 

0 20 40 60 80 100 


*2 



±V CC1 Supply Output Current (mA) 
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Barrier Leakage Current (Arms) 











(AUi) S0 A V 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C, V CC2 = ±15VDC, ±15mA output current unless otherwise noted. 


ISOLATION POWER SUPPLY VOLTAGE 

ISOLATED POWER SUPPLY LINE REGULATION vs TEMPERATURE 



9 10 11 12 13 14 15 16 17 18 19 -25 0 25 50 75 100 


+v cc 2 ( v ) Temperature (°C) 


ISOLATED SUPPLY VOLTAGE AND V os 
vs SYNC FREQUENCY 



Sync Frequency (MHz) 
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THEORY OF OPERATION 

The block diagram on the front page shows the isolation 
amplifier’s synchronized signal and power configuration, 
which eliminate beat frequency interference. A proprietary 
800kHz oscillator chip, power MOSFET transformer driv- 
ers, patented square core wirebonded transformer, and single 
chip diode bridge provide power to the input side of the 
isolation amplifier as well as external loads. The signal 
channel capacitively couples a duty-cycle encoded signal 
across the ceramic high-voltage barrier built into the pack- 
age. A proprietary transmitter-receiver pair of integrated 
circuits, laser trimmed at wafer level, and coupled through a 
pair of matched “fringe” capacitors, result in a simple, 
reliable design. 


may be used to provide a gain trim of ±0.5% for the values 
shown; greater range may be provided by increasing the size 
of Rj and R r Every 2kQ increase in R, will give an 
additional 1% adjustment range, with R^> 2R r If safety or 
convenience dictate location of the adjustment potentiome- 
ter on the other side of the barrier from the position shown 
in Figure 2a, the position of Rj and I^ may be reversed. 

Gains greater than 1 may be obtained by using the circuit of 
Figure 2b. Note that the effect of input referred errors will be 
multiplied at the output in proportion to the increase in gain. 
Also, the small-signal bandwidth will be decreased in in- 
verse proportion to the increase in gain. In most instances, a 
precision gain block at the input of the isolation amplifier 
will provide better overall performance. 


SIGNAL AND POWER CONNECTIONS 

Figure 1 shows the proper power supply and signal connec- 
tions. All power supply pins should be bypassed as shown 
with the n filter for +V CC2 , an option recommended if more 
than ±15mA are drawn from the isolated supply. Separate 
rectifier output pins (±V CC1 ) and amplifier supply input pins 
(±V C ) allow additional ripple filtering and/or regulation. The 
separate input and output common pins and output sense are 
low current inputs tied to the signal source ground, output 
ground, and output load, respectively, to minimize errors 
due to IR drop in long conductors. Otherwise, connect Com 
1 to Gnd 1, Com 2 to Gnd 2, and Sense to V 0UT at the 
ISO 103 socket. The enable pin may be left open if the 
ISO 103 is continuously operated. If not, a TTL low level 
will disable the internal DC/DC converter. The Sync input 
must be grounded for unsynchronized operation while a 
1.25MHz to 2MHz TTL clock signal provides synchroniza- 
tion of multiple units. 

OPTIONAL GAIN AND OFFSET ADJUSTMENTS 

Rated gain accuracy and offset performance can be achieved 
with no external adjustments, but the circuit of Figure 2a 



FIGURE 2a. Gain Adjust. 




FIGURE 1 . Signal and Power Connections. 
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Figure 3 shows a method for trimming V os of the ISO 103. 
This circuit may be applied to either Signal Com (input or 
output) as desired for safety or convenience. With the values 
shown, ±15V supplies and unity gain, the circuit will pro- 
vide ±150mV adjustment range and 0.25mV resolution with 
a typical trim potentiometer. The output will have some sen- 
sitivity to power supply variations. For a ±100mV trim, 
power supply sensitivity is 8mV/V at the output. 



OPTIONAL OUTPUT FILTER 

Figure 4 shows an optional output ripple filter that reduces 
the 800kHz ripple voltage to <5mVp-p without compromis- 
ing DC performance. The small signal bandwidth is ex- 
tended above 30kHz as a result of this compensation. 



FIGURE 4. Ripple Reduction. 

MULTICHANNEL SYNCHRONIZATION 


Synchronization of multiple ISO 103s can be accomplished 
by connecting pin 15 of each device to an external TTL 
level oscillator, as shown in Figure 7. The PWS750-1 
oscillator is convenient because its nominal synchronizing 
output frequency is 1.6MHz, resulting in a 800kHz carrier 
in the ISO 103 (its nominal unsynchronized value). The 
open collector output typically switches 7.5mA to a 0.2V 
low level so that the external pull-up resistor can be chosen 
for different pull-up voltages as shown in Figure 7. The 
number of channels synchronized by one PWS750-1 is 
determined by the total capacitance of the sync voltage 
conductors. They must be less than lOOOpF to ensure TTL 
level switching at 800kHz. At higher frequencies the ca- 
pacitance must be proportionally lower. 

Customers can supply their own TTL level synchronization 
logic provided the frequency is between 1.25MHz and 
2MHz, and the duty cycle is greater than 25%. 
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Multichannel synchronization with reduced power dissipa- 
tion for applications requiring less than ±15mA from V CC1 is 
accomplished by driving both the Sync input pin (15) and 
Enable pin (13) with the TTL oscillator as shown in Figure 
5. 

ISOLATION BARRIER VOLTAGE 

The typical performance of the ISO 103 under conditions of 
barrier voltage stress is indicated in the first two perform- 
ance curves — Recommended Range of Isolation Voltage 
and IMR/ Leakage vs Frequency. At low barrier modulation 
levels, errors can be determined by the IMRR characteristic. 
At higher barrier voltages, typical performance is obtained 
as long as the dv/dt across the barrier is below the shaded 
area in the first curve. Otherwise, the signal channel will be 
interrupted, causing the output to distort, and/or shift DC 
level. This condition is temporary, with normal operation re- 
suming as soon as the transient subsides. Permanent damage 
to the integrated circuits occurs only if transients exceed 
20kV/ps. Even in this extreme case, the barrier integrity is 
assured. 

HIGH VOLTAGE TESTING 

The ISO 103 was designed to reliably operate with 1500Vrms 
continuous isolation barrier voltage. To confirm barrier in- 
tegrity, a two-step breakdown test is performed on 100% of 
the units. First, a 5600V peak, 60Hz barrier potential is ap- 
plied for 10s to verify that the dielectric strength of the 
insulation is above this level. Following this exposure, a 
1500Vrms, 60Hz potential is applied for one minute to 
conform to UL1244. Life-test results show reliable opera- 
tion under continuous rated voltage and maximum operat- 
ing temperature conditions. 
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FIGURE 6. Isolated 4-20mA Instrument Loop. 



FIGURE 7. Synchronized-Multichannel Isolation. 
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High-Voltage, Internally Powered 
ISOLATION AMPLIFIER 


FEATURES 

• SIGNAL AND POWER IN ONE 
TRIPLE-WIDE PACKAGE 

• 8000Vpk TEST VOLTAGE 

• 2500Vrms CONTINUOUS AC BARRIER 
RATING 

• WIDE INPUT SIGNAL RANGE: 

-10V to +10V 

• WIDE BANDWIDTH: 20kHz Small Signal, 
20kHz Full Power 

• BUILT-IN ISOLATED POWER: 

±10V to ±18V Input, ±50mA Output 

• MULTICHANNEL SYNCHRONIZATION 
CAPABILITY (TTL) 


DESCRIPTION 

The ISO 107 isolation amplifier provides both signal 
and power across an isolation barrier. The ceramic 
side-brazed hybrid package contains a transformer- 
coupled DC/DC converter and a capacitor-coupled 
signal channel. 

Extra power is available on the isolated input side for 
external input conditioning circuitry. The converter is 
protected from shorts to ground with an internal cur- 
rent limit, and the soft-start feature limits the initial 
currents from the power source. Multiple-channel syn- 
chronization can be accomplished by applying a TTL 
clock signal to paralleled Sync pins. The Enable con- 


APPLICATIONS 


• MULTICHANNEL ISOLATED DATA 
ACQUISITION 

m BIOMEDICAL INSTRUMENTATION 

• POWER SUPPLY AND MOTOR CONTROL 

• GROUND LOOP ELIMINATION 


ISO107 BLOCK DIAGRAM 



Duty Cycle \ 
Demodulator/ 


trol is used to turn off transformer drive while keeping 
the signal channel demodulator active. This feature 
provides a convenient way to reduce quiescent current 
for low power applications. 

The wide barrier pin spacing and internal insulation 
allow for the generous 2500Vrms continuous rating. 
Reliability is assured by 100% barrier breakdown 
testing that conforms to UL544 test methods. Low 
barrier capacitance minimizes AC leakage currents. 

These specifications and built-in features make the 
ISO 107 easy to use, as well as providing for compact 
PC board layouts. 
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Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800) 548-6132 
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SPECIFICATIONS 


ELECTRICAL 

T a = +25°C and V CC2 = ±15V, ±l5mA output current unless otherwise noted. 


PARAMETERS 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

ISOLATION 

Rated Continuous Voltage (1 > 






AC, 60Hz 

T to T 

2500 



Vrms 

DC 

T llM to T wlv 

3500 



VDC 

Test Breakdown, AC. 60Hz 

10s 

8000 



Vpk 

Isolation-Mode Rejection 

2500 Vrms, 60Hz 


100 


dB 


2121VDC 


160 


dB 

Barrier Impedance 



10” || 13 


nilpF 

Leakage Current 

24QVrms, 60Hz 


1.2 

2 

pA 

GAIN 

Nominal 



1 


V/V 

Initial Error 



±0.1 

±0.25 

% FSR 

Gain vs Temperature 



±50 

±120 

ppm/°C 

Nonlinearity 



±0.01 

±0.025 

% FSR 

INPUT OFFSET VOLTAGE 

Initial Offset 



±20 

±50 

mV 

vs Temperature 



±150 

±400 

nv/°c 

vs Power Supplies 

V CC2 = ±10V to ±18V 


±2 


mVW 

INPUT 

Voltage Range 

Output Voltage in Range 

±10 

±15 


nii 

Resistance 



200 


■91 

SIGNAL OUTPUT 

Voltage Range 


±10 

±12.5 


V 

Current Drive 


±5 

±20 


mA 

Ripple Voltage, 800kHz Carrier (See Figure 4) 



20 


mVp-p 

Capacitive Load Drive 


| 

1000 


pF 

Voltage Noise 



4 


pV/VHz 

FREQUENCY RESPONSE 

Small Signal Bandwidth 



1 

20 



Slew Rate 



1.5 



Settling Time 

0.1%, -10/10V 

i 

75 


US 

POWER SUPPLIES 

Rated Voltage, V CC2 



±15 


V 

Voltage Range 


±10 


±18 

V 

Input Current 

l 0 = ±15mA 


+75/-4.5 


mA 

Ripple Current 

No Filter 


10 


mAp-p 


C w =1pF 


3 


mAp-p 

Rated Output Voltage 


±14.25 

±15 

±15.75 

V 

Output Current 

Balanced Load 


±15 

±50 

mA 


Single 


30 

100 

mA 

Load Regulation 

Balanced Load 


0.5 


%/mA 

Line Regulation 



1.18 


V/V 

Output Voltage vs Temperature 



10 


mV/°C 

Voltage Balance Error, ±V CC1 



0.05 


% 

Voltage Ripple 

No External Capacitors 


10 


mVp-p 

Output Capacitive Load (See Figure 1) 




1 

FF 

Sync Frequency 

TTL, 50% Duty Cycle 

1.25 

1.6 

2 

MHz 

TEMPERATURE RANGE 

Specification 


-25 


+85 


Operating 


-25 


+85 


Storage 


-25 


+125 



NOTES: (1) Conforms to UL544 test methods. 100% tested at 2500Vrms for 1 minute. 
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MECHANICAL 


P Package - 32-Pin Plastic DIP 





JEI 

■m 

EBSBgQSa- 

h»1 If, Hi 





131 

IE51 



Kira 

JQ 

TTM 



eeh 

'KHI 

IWcTlilB 

EM 


Ea 

flBH 

TOM 


■lira 

EM 

HH 

heuemi 


mm 




BU 

EM 

KIM 

EM 

n 


EM 

EEM 

EM 

H3H 

TOM 

tom 

EM 

EM 

n 

EM 

TOM 

Isl'M 

n 1 

Of 

EM 

EM 

EM 

EM 


NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
marked on package. 



L 


ABSOLUTE MAXIMUM RATINGS 


Supply Without Damage 

±18V 

V IN , Sense Voltage 

Com 1 to Gnd 1 or Com 2 to Gnd 2 

Enable, Sync 

±50V 

±200mV 

0 V to +V„, 

Continuous Isolation Voltage 

V IS0 , dv/dt 

2500Vrms 

20kV/ps 

Junction Temperature 

150°C 

Storage Temperature 

-25°C to +125°C 

Lead Temperature, 10s 

Output Short to Gnd 2 Duration 

±V„. to Gnd 1 Duration 

300°C 

Continuous 

Continuous 

1 | 


PIN CONFIGURATION 



NC 
Gnd 1 
V|N 

Com 1 


“Vccz 

Sync* 

+VcC2 

Enable 


•Operation requires that this pin be grounded or driven with TTL levels. 
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TYPICAL PERFORMANCE CURVES 

T a = +25°C, V CC2 = ±1 5VDC, ±15mA output current unless otherwise noted. 




10 100 Ik 10k 100k 


Isolation Voltage Frequency (Hz) 


Isolation Voltage Frequency (Hz) 




100 Ik 10k 100k 



100 300 Ik 3k 10k 30k 100k 


Supply Modulation Frequency (Hz) 


Small Signal Frequency (Hz) 


LARGE SIGNAL TRANSIENT RESPONSE 



ISOLATED POWER SUPPLY 
LOAD REGULATION AND EFFICIENCY 



0 10 20 30 40 50 

0 20 40 60 80 100 

±V CC i Supply Output Current (mA) 
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TYPICAL PERFORMANCE CURVES 

T a = +25°C, V CC2 «= ± 1 5VDC, ±1 5mA output current unless otherwise noted. 

ISOLATED POWER SUPPLY VOLTAGE 

ISOLATED POWER SUPPLY LINE REGULATION vs TEMPERATURE 



9 10 11 12 13 14 15 16 17 18 19 -25 0 25 50 75 100 


+Vcc 2 (V) Temperature (°C) 


ISOLATED SUPPLY VOLTAGE AND V os 
vs SYNC FREQUENCY 



1 1.5 2 2.5 

Sync Frequency (MHz) 
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THEORY OF OPERATION 

The block diagram on the front page shows the isolation 
amplifier’s synchronized signal and power configuration, 
which eliminates beat frequency interference. A proprietary 
800kHz oscillator chip, power MOSFET transformer driv- 
ers, patented square core wirebonded transformer, and single 
chip diode bridge provide power to the input side of the 
isolation amplifier as well as external loads. The signal 
channel capacitively couples a duty-cycle encoded signal 
across the ceramic high-voltage barrier built into the pack- 
age. A proprietary transmitter-receiver pair of integrated 
circuits, laser trimmed at wafer level, and coupled through a 
pair of matched “fringe” capacitors, result in a simple, 
reliable design. 


OPTIONAL GAIN AND OFFSET ADJUSTMENTS 

Rated gain accuracy and offset performance can be achieved 
with no external adjustments, but the circuit of Figure 2a 
may be used to provide a gain trim of ±0.5% for the values 
shown; greater range may be provided by increasing the size 
of R1 and Rl. Every 2k& increase in R1 will give an 
additional 1% adjustment range, with R2 > Rl. If safety or 
convenience dictates location of the adjustment potentiome- 
ter on the other side of the barrier from the position shown 
in Figure 2a, the position of Rl and R2 may be reserved. 

Gains greater than 1 may be obtained by using the circuit of 
Figure 2b. Note that the effect of input offset errors will be 
multiplied at the output in proportion to the increase in gain. 
Also, the small-signal bandwidth will be decreased in in- 


SIGNAL AND POWER CONNECTIONS 

Figure 1 shows the proper power supply and signal connec- 
tions. All power supply pins should be bypassed as shown 
with the K filter for +V CC2 an option recommended if more 
than ±15mA are drawn from the isolated supply. The sepa- 
rate input and output common pins and output sense are low 
current inputs tied to the signal source ground, output 
ground, and output load, respectively, to minimize errors 
due to IR drop in long conductors. Otherwise, connect Com 
1 to Gnd 1, Com 2 to Gnd 2, and Sense to V 0UT at the 
ISO 107 socket. The enable pin may be left open if the 
ISO107 is continuously operated. If not, a TTL low level 
will disable the internal DC/DC converter. The Sync input 
must be grounded for unsynchronized operation while a 
1.25MHz to 2MHz TTL clock signal provides synchroniza- 
tion of multiple units. 


Vftjsol 

K 

2kQ i 


I r% 


2 

VoUT 

Hri 


It 


V 



“1 


FIGURE 2a. Gain Adjust. 




FIGURE 1. Signal and Power Connections. 
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verse proportion to the increase in gain. In most instances, a 
precision gain block at the input of the isolation amplifier 
will provide better overall performance. 

Figure 3 shows a method for trimming V os of the ISO 107. 
This circuit may be applied to either Signal Com (input or 
output) as desired for safety or convenience. With the values 
shown, ±15 V supplies and unity gain, the circuit will pro- 
vide ±150mV adjustment range and 0.25mV resolution with 
a typical trim potentiometer. The output will have some 
sensitivity to power supply variations. For a ±100mV trim, 
power supply sensitivity is 8mV/V at the output. 



OPTIONAL OUTPUT FILTER 

Figure 4 shows an optional output ripple filter that reduces 
the 800kHz ripple voltage to <3mVp-p without compromis- 
ing DC performance. The small signal bandwidth is ex- 
tended above 30kHz as a result of this compensation. 



MULTICHANNEL SYNCHRONIZATION 

Synchronization of multiple ISO 107s can be accomplished 
by connecting pin 19 of each device to an external TTL level 
oscillator, as shown in Figure 6. The PWS750-1 oscillator is 
convenient because its nominal synchronizing output fre- 
quency is 1.6MHz, resulting in a 800kHz carrier in the 
ISO 107 (its nominal unsynchronized value). The open col- 
lector output typically switches 7.5mA to a 0.2V low level 
so that the external pull-up resistor can be chosen for differ- 
ent pull-up voltages as shown in Figure 6. The number of 
channels synchronized by one PWS750-1 is determined by 
the total capacitance of the sync voltage conductors. They 
must be less than lOOOpF to ensure TTL level switching at 
800kHz. At higher frequencies the capacitance must be pro- 
portionally lower. 

Customers can supply their own TTL level synchronization 
logic, provided the frequency is between 1 .25MHz and 
2MHz, and the duty cycle is greater than 25%. 


ISOLATION BARRIER VOLTAGE 

The typical performance of the ISO 107 under conditions of 
barrier voltage stress is indicated in the first two perform- 
ance curves — Recommended Range of Isolation Voltage 
and IMR/Leakage vs Frequency. At low barrier modulation 
levels, errors can be determined by the IMRR characteristic. 
At higher barrier voltages, typical performance is obtained 
as long as the dv/dt across the barrier is below the shaded 
area in the first curve. Otherwise, the signal channel will be 
interrupted, causing the output to distort, and/or shift DC 
level. This condition is temporary, with normal operation 
resuming as soon as the transient subsides. Permanent damage 
to the integrated circuits occurs only if transients exceed 
20kV/|is. Even in this extreme case, the barrier integrity is 
assured. 


HIGH VOLTAGE TESTING 

The ISO 107 was designed to reliably operate with 2500Vrms 
continuous isolation barrier voltage. To confirm barrier 
integrity, a two-step breakdown test is performed on 100% 
of the units. First, an 8000V peak, 60Hz barrier potential is 
applied for 10s to verify that the dielectric strength of the 
insulation is above this level. Following this exposure, a 
2500Vrms, 60Hz potential is applied for one minute to 
conform to UL544. Life-test results show reliable operation 
under continuous rated voltage and maximum operating 
temperature conditions. 
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FIGURE 5. ECG Amplifier with Right Leg Drive, Defibrillator Protection, and E.S.U. Blanking. 



FIGURE 6. Synchronized-Multichannel Isolation. 
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Isolated 

VOLTAGE-TO-FREQUENCY CONVERTER 


FEATURES 

• ISOLATED VFC IN HERMETIC DIP 

• HIGH-VOLTAGE AC RATING: 

ISO108: 1500Vrms 
ISO109: 3500Vrms 

• HIGH TRANSIENT IMMUNITY: 10kV/jiS 

• LOW BARRIER LEAKAGE CURRENT: 

0.5pA 

• TRUE INPUT INTEGRATING 
(NOISE REDUCTION) 

• HIGH LINEARITY AT HIGH FREQUENCY: 
0.01% at 1MHz 

DESCRIPTION 

The ISO 108 and ISO109 provide a high-speed VFC 
and isolated coupler in a hermetic DIP package. This 
represents a new function for diverse applications 
requiring both A/D conversion and galvanic isolation. 

The input VFC transmits a differential digital signal 
across the isolation barrier through matched lpF ce- 
ramic capacitors built into the 24-pin single-wide 
(ISO 108) and 40-pin double-wide (ISO 109) packages. 
Excellent transient immunity is provided by the bar- 
rier capacitor matching, patented sense amp design, 
and laser trimming. 

Extra features include a voltage reference useful for 
offsetting and calibration, and a TTL-eompatible enable 
input that provides for multiplexing multiple VFC 
outputs. 


• LOW JITTER AT HIGH FREQUENCY: 
200ppm (rms) at 1MHz 

• VOLTAGE REFERENCE OUTPUT: 5VDC 

• MULTIPLEXED OUTPUT CAPABILITY 

APPLICATIONS 

• ISOLATED A/D CONVERTER 

• BIOMEDICAL DATA ACQUISITION 

• PROCESS CONTROL 

• INDUSTRIAL DATA ACQUISITION 


Grid 1 Vq +V CC i DG +V CC2 lo 



International Airport Industrial Park • Mailing Address: P0 Box 11400 • Tucson, AZ 85734 * Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800) 54&-6132 
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SPECIFICATIONS 


ELECTRICAL 

At T a = +25°C and ±V CC1 = ±15V, V CC2 = 5V unless otherwise noted. 




ISO108, 109 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

ISOLATION 

Rated Continuous Voltage 

ISO108: AC.60HZ 

T min to T** 

1500 



Vrms 

DC 


2121 



VDC 

IS01Q9: AC, 6OH2 

T min to T^ 

3500 



Vrms 

DC 

T M1N to T^ 

4950 



VDC 

Partial Discharge Test' 1 ’ 






IS0 108 

2500Vrms 



5 

pC 

ISO109 

5600Vrms 



5 

pC 

Transient Immunity w/o Signal Loss 



10 


kV/ps 

Barrier Impedance 



10 2 1| 3 


OllpF 

Leakage Current, 60Hz 

240Vrms 


0.3 

0.5 

pA 

Isolation Mode Rejection, 60Hz 

2500Vrms 


130 


dB 

TRANSFER FUNCTION 

Voltage-to-Frequency Mode 

(2) 





Gain Error 

FSR = 1MHz 



5 

% 

Linearity Error 

FSR = 1MHz 


0.01 

0.025 

% 

Gain Drift 

FSR = 1MHz 



100 

ppm/°C 

PSRR 

V cc , =±8V to ±1 8 V 



0.1 

%N 

Input Current Range' 3 ’ 

0-FS Output 

0 


250 

pA 

INTEGRATOR OP AMP 

Vos 




3 

mV 

V os Drift 



35 

100 

pV/°C 

'a 



20 

100 

nA 

V OU T Range 

R L = 2kfl 

-0.2 


+V -4 

+ V CC1 H 

V 

Output Current Limit 



20 


mA 

OPEN COLLECTOR OUTPUT 

Vo, 

l OUT =10mA 



0.4 

V 

'oh 

V oh = 20V 



1 

pA 

Fall Time 

R l = 4700, C L = 500pF 




ns 

REFERENCE VOLTAGE 

Accuracy 


4.97 

5 

5.03 

V 

Drift 




50 

ppm/°C 

Output Current Limit 


10 

20 

30 

mA 

PSRR 

V CC1 = ±8V to ±18V 


0.5 


mV/V 

Output Impedance 

l 0 = 0 to 10mA 


0.4 

1 

Q 

POWER SUPPLY 

Voltage Range 

±v cc ,. 

±8 

±15 

±18 

V 


+v CC2 

4.5 

5 

20 

V 

Quiescent Current 

+V C c,/-Vcc, 


+14/— 14 

+17/— 1 7 

mA 


+V CC2 


+11 

+17 

mA 

TEMPERATURE RANGE 

Specification 


-25 


+85 

°C 

Operating 


-55 


+125 

°C 

Storage 


-55 


+150 

°C 


NOTES: (1) Conforms to VDE884 test methods. Tested at 1.6 x rated voltage: PD £ 5pC. (2) R w = 40kQ, C os = 150pF. (3) V IN = l 1N x R IN . 


ABSOLUTE MAXIMUM RATINGS 


Supply Without Damage 

±20 V 

-1", Cos 

±v cci 

Enable 

Gnd 2/V ccz 

Vref, V q to Gnd 1 


f a Sink Current 


Continuous Isolation Voltage: 

ISO108 


ISO109 

3500Vrms 

BarrierTransient, dV/dt 

20kV/ps 

Junction Temperature 

+150°C 

Storage Temperature 

ISO108, 109 

-55°C to +150°C 

Lead Temperature, 10s 

+300°C 
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MECHANICAL 



PIN CONFIGURATION 
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TYPICAL PERFORMANCE CURVES 

T a = +25°C, V s = ±15V unless otherwise noted. 


OUTPUT PULSE WIDTH AND FULL-SCALE FREQUENCY 

vs EXTERNAL ONE-SHOT CAPACITANCE OUTPUT RESPONSE vs CAPACITIVE LOAD 



10 10 2 10 3 10 4 10 s 10 5 
Cos (PF) 


LINEARITY vs INPUT 



0.5 

0.25 

0 

-0.25 


-0.75 


ra 



-25 0 25 75 85 100 


Temperature (°C) 


RECOMMENDED RANGE OF ISOLATION VOLTAGE 



IK 10k 100k 1M 10M 



1 10 100 Ik 10k 100k 1M 


Isolation Voltage Frequency (Hz) 


Isolation Voltage Frequency (Hz) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C, V s = ±15V unless otherwise noted. 



& 

m 

1 

s 

tr 


1ms 10ms 100ms is 


Time 



IK 100k 1M 10M 


Full Scale Frequency (Hz) 


THEORY OF OPERATION 

A CHARGE BALANCE CONVERTER 

The ISO 108/1 09 uses a charge-balance technique to achieve 
high accuracy. The heart of this technique is an analog 
integrator formed by an operation amplifier, feedback ca- 
pacitor, and input resistor. The integrator’s output voltage is 
proportional to the charge stored in the capacitor. An input 
voltage develops an input current of V^/R^, which is forced 
to flow through the integrator capacitor. This current causes 
the integrator output voltage to ramp negatively. 

When the output of the integrator ramps to 0V, the compara- 
tor trips, triggering the one-shot. This connects the reference 
current to the integrator input during the one-shot period, 
T os . This switched current causes the integrator output to 
ramp positively until the one-shot period ends. Then the 
cycle starts again. 

The oscillation is regulated by the balance of the current (or 
charge) between the input current and the time-averaged 
reset current. The equation of current balance is: 

'in = 'ref • Dut y Cyc'e 

V /R. = I • f • T 
v in /av in a ref a out A os> 

where T os is the one-shot period and f 0UT is the oscillation 
frequency. 



FIGURE 1. Basic Charge-Balance Waveforms. 


CONNECTIONS AND BASIC OPERATION 

External connections to the ISO 108 and ISO 109 are made as 
shown in Figure 2. The transfer function of the VFC is f 0 
[MHz] = (200pF)(40k)/(C os + SOpFXR^). For a 10V full 
scale input, R^ = 40kQ for optimum performance; adjust- 
ment of C os then determines full-scale frequency as shown in 
performance curve Output Pulse Width and Full-Scale Fre- 
quency vs External One-Shot Capacitance. The fullscale 
frequency is typically 3MHz with C os =0pF. 

Selection of the external resistor and capacitor type is impor- 
tant. Temperature drift of an external input resistor and one- 
shot capacitor will affect temperature stability of the output 
frequency. NPO ceramic capacitors will normally produce 
the best results. Silver-mica types will result in slightly 
higher drift, but may be adequate in many applications. A 
low-temperature coefficient film resistor should be used for 

^IN* 

The integrator capacitor serves as a “charge bucket,” where 
charge is accumulated from the input, V^, and that charge is 
drained during the one-shot period. While the size of the 
bucket (capacitor value) is not critical, it must not leak. 
Capacitor leakage or dielectric absorption can affect the lin- 
earity and offset of the transfer function. High-quality ce- 
ramic capacitors can be used for values less than O.OlpF. Use 
caution with higher value ceramic capacitors. High-K ce- 
ramic capacitors may have voltage nonlinearities than can 
degrade overall linearity. Polystyrene, polycarbonate, or mylar 
film capacitors are superior for high values. External integra- 
tor capacitor C F determines the integrator output voltage 
swing. It is recommended only for full-scale frequencies of 
100kHz and below; in these cases, use C F = C os . Decreasing 
the value of C F will increase the peak-to-peak output swing, 
decrease jitter, but also decrease overrange capability. 

The value of R L depends on the pull-up voltage, output 
capacitance, and full scale frequency. The maximum output 
current is 10mA to assure a 0.4V maximum logic Low. 
Therefore, choosing R L for 10mA output current results in 
the lowest rise-time for a given capacitive load. If a low full- 
scale frequency is used, a larger pull-up resistor will reduce 
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FIGURE 2. IS 01 08/1 09 Connection Diagram. 


power dissipation without sacrificing performance. The ef- 
fect of load capacitance (C L ) is shown in performance curve 
Output Response vs Capacitive Loads. 


ENABLE PIN 

The Enable pin can be left open or tied to a TTL high level 
for continuous output. A TTL low level applied to this pin 
will turn off the open collector output device. This feature 
allows multiple outputs to be tied together for one multi- 
plexed output line. Individual ISOVFCs are selected one at 
a time with the Enable control. A multichannel ISOVFC 
system is shown in Figure 3. The 7442 BCD to 10 output 
decoder selects the active channel output. This is more 
accurate and convenient than switching sensitive input lines. 



FIGURE 3. Multichannel Isolated Data Acquisition with 
Single Serial Output. 


REFERENCE VOLTAGE 

Figure 2, Note (2) shows a use of the reference voltage output 
to offset the input of the ISOVFC so that bipolar inputs can 
be accepted. Buried zener reference circuitry is used for low 
noise and excellent temperature drift. Output current is 
specified to 10mA and current-limited to approximately 
20mA. Excessive or variable loads on can decrease 
frequency stability due to internal heating. Low level input 
signals should be amplified before the ISOVFC. 

MEASURING OUTPUT FREQUENCY 

To complete an integrating A/D conversion, the output fre- 
quency of the ISO 108 and ISO 109 must be counted. Simple 
frequency counting is accomplished by counting output 
pulses for a reference time (usually derived from a crystal 
oscillator). This can be implemented with counter/timer 
peripheral chips available for many popular microprocessor 
families. Many micro-controllers have counter inputs that 
can be programmed for frequency measurement. 

Since f 0UT is an open-collector device, the negative-going 
edge provides the fastest logic transition. Clocking the counter 
on the falling edge will provide the best results in noisy en- 
vironments. Alternately, a Schmidt trigger may be used on 
the rising edge. 

Frequency can also be measured by accurately timing the 
period of one or more cycles of the VFC’s output. Frequency 
must then be computed since it is inversely proportional to 
the measured period. This measurement technique can pro- 
vide higher measurement resolution in short conversion 
times. It is the method used in most high-performance 
laboratory frequency counters. It is usually necessary to 
offset the transfer function so 0V input causes a finite 
frequency out. Otherwise the output period (and therefore the 
conversion time) approaches infinity. See Figure 4 and 
application note AN- 130 for further details on counting tech- 
niques. 
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FIGURE 4. Isolated A/D Conversion System Using Ratiometric Counting and Microprocessor Interface. 


FREQUENCY NOISE 

Frequency noise (small random variation in the output fre- 
quency or “jitter”) limits the useful resolution of fast fre- 
quency measurement techniques. Long measurement time 
averages the effect of frequency noise and achieves the 
maximum useful resolution. The ISO 108 and ISO 109 are 
designed to minimize frequency noise and allow improved 
useful resolution with short measurement times. The per- 
formance curve Frequency Count Repeatability vs Counter 
Gate Time shows the effect of noise as the counter gate time 
is varied. It shows the one standard deviation (Icy) count vari- 
ation (as a percentage of FS counts) versus counter gate time. 

ISOLATION 
BARRIER VOLTAGE 

The performance of the ISO 108 and ISO 109 under condi- 
tions of isolation barrier voltage modulation is indicated in 
performance curve IMRR vs Frequency. An example is for 
a 1MHz full scale frequency and 1500Vrms, 60Hz barrier 
voltage; the output frequency is modulated -130dB R.T.I. = 
±67Hz or ±67ppm. This linear modulation occurs up to the 
transient immunity limit of 10kV/}is as indicated on perform- 
ance curve Recommended Range of Isolation Voltage. Above 
this level the output is interrupted and/or toggled by the 
barrier transients. Even under this condition, normal opera- 
tion resumes as soon as the transient subsides. Over 20kV/|is 
can be tolerated in this mode without damage to the inte- 
grated circuits or to the ceramic high-voltage barrier. 

HIGH VOLTAGE TESTING 

Burr-Brown Corporation has adopted a partial discharge test 
criterion that conforms to the German VDE0884 Optocou- 


pler Standards. This method requires the measurement of 
minute current pulses (<5pC) while applying >2500Vrms 
(ISO108) or 5600Vrms (ISO109), 60Hz high-voltage stress 
across every device’s isolation barrier. No partial discharge 
may be initiated to pass this test. This criterion confirms 
transient overvoltage (1.6 X V^^) protection without damage 
to the ISOVFC. Life-test results verily the absence of failure 
under continuous rated voltage and maximum temperature. 

This new test method represents the “state of the art” for non- 
destructive high voltage reliability testing. It is based on the 
effects of non-uniform fields existing in heterogeneous die- 
lectric material during barrier degradation. In the case of void 
non-uniformities, electric field stress begins to ionize the 
void region before bridging the entire high voltage barrier. 

The transient conduction of charge during and after the 
ionization can be detected externally as a burst of 0.01 jis- 
0.1 jis current pulses that repeat on each AC voltage cycle. 
The minimum AC barrier voltage that initiates partial dis- 
charge is defined as the “inception voltage.” Decreasing the 
barrier voltage to a lower level is required before partial 
discharge ceases and is defined as the “extinction voltage.” 

We have designed and characterized the package to yield an 
inception voltage in excess of 2500Vrms for the ISO 108 and 
5600Vrms for the ISO109 so that transient overvoltages 
below this level will not cause any damage. The extinction 
voltage is above 1500Vrms for the ISO 108 and 3500Vrms 
for the ISO 109, so that even overvoltage-induced partial 
discharge will cease once the barrier voltage is reduced to the 
rated level. Older high voltage test methods relied on apply- 
ing a large enough overvoltage (above rating) to catastrophi- 
cally break down marginal parts, but not so high as to damage 
good ones. Our new partial discharge testing gives us more 
confidence in barrier reliability than breakdown/no break- 
down criteria. 
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3URE 5. Serial TTL Output ECG Amplifier. 
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URE 6. PLL Analog Isolator with High (lOkV/ps) Transient Immunity. 
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Low-Cost, High-Voltage, Internally Powered 
OUTPUT ISOLATION AMPLIFIER 


FEATURES 

• SELF-CONTAINED ISOLATED SIGNAL 
AND OUTPUT POWER 

• SMALL PACKAGE SIZE: Double-Wide 
(0.6”) Sidebraze DIP 

• CONTINUOUS AC BARRIER RATING: 
1500Vrms 

• WIDE BANDWIDTH: 20kHz Small Signal, 
20kHz Full Power 

• BUILT-IN ISOLATED OUTPUT POWER: 
±10V to ±18V Input, ±50mA Output 

• MULTICHANNEL SYNCHRONIZATION 
CAPABILITY 

• BOARD AREA ONLY 0.72in. 2 (4.6cm 2 ) 

APPLICATIONS 

• 4mA TO 20mA V/l CONVERTERS 

• MOTOR AND VALVE CONTROLLERS 

• ISOLATED RECORDER OUTPUTS 

• MEDICAL INSTRUMENTATION OUTPUTS 

• GAS ANALYZERS 


DESCRIPTION 

The ISO 113 output isolation amplifier provides both 
signal and output power across an isolation barrier in 
a small double-wide DIP package. The ceramic non- 
hermetic hybrid package with side-brazed pins con- 
tains a transformer-coupled DC/DC converter and a 
capacitor-coupled signal channel. 

Extra power is available on the isolated output side for 
driving external loads. The converter is protected from 
shorts to ground with an internal current limit, and the 
soft-start feature limits the initial currents from the 
power source. Multiple-channel synchronization can 
be accomplished by applying a TTL clock signal to 
paralleled Sync pins. The Enable control is used to 
turn off transformer drive while keeping the signal 
channel modulator active. This feature provides a con- 
venient way to reduce quiescent current for low power 
applications. 

The wide barrier pin spacing and internal insulation 
allow for the generous 1500Vrms continuous rating. 
Reliability is assured by 100% barrier breakdown 
testing that conforms to UL1244 test methods. Low 
barrier capacitance minimizes AC leakage currents. 

These specifications and built-in features make the 
IS0113 easy to use, and provides for compact PC 
board layout. 



Duty Cycle Demodulator 


Rectifiers, Filters 


‘Ground if not used 
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SPECIFICATIONS 


ELECTRICAL 

At J A = +25°C and V CC1 = ±15V, ±15mA output current unless otherwise noted. 




1S0113 

IS0113B 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

ISOLATION 

Rated Continuous Voltage 









AC, 60Hz 

T MtN toT MAX 

1500 



* 



Vrms 

DC 

T U1N to T^ 

2121 



• 



VDC 

Test Breakdown, 100% AC, 60Hz 

10s 

5657 



* 



Vpk 

Isolation-Mode Rejection 

1500Vrms, 60Hz 


130 



• 


dB 


2121VDC 


160 



* 


dB 

Barrier Impedance 



10' 2 || 9 



* 


fl||pF 

Leakage Current 

240Vrms, 60Hz 


1 

2 



* 

pA 

GAIN 

Nominal 



1 



* 


V/V 

Initial Error 



±0.3 

±0.5 


* 

* 

%FSR 

Gain vs Temperature 



±60 

±100 


±20 

±50 

ppm/°C 

Nonlinearity 

V o = -10V to 10V 


±0.05 

±0.1 


±0.03 

±0.05 

%FSR 


V 0 = -5V to 5V 


±0.02 

±0.04 


±0.012 

±0.02 

%FSR 

INPUT OFFSET VOLTAGE 

Initial Offset 



±20 

±60 


. 

* 

mV 

vs Temperature 



±300 

±500 


±100 

±250 

^V/°C 

vs Power Supplies 

V CC2 = ±1 0 to ±1 8V 


0.9 



* 


mVA/ 

vs Output Supply Load 

l 0 = 0 to ±50mA 


±0.3 



* 


mV/mA 

SIGNAL INPUT 

Voltage Range 

Output Voltage in Range 

±10 

±15 



1 


wm 

Resistance 



200 






SIGNAL OUTPUT 

Voltage Range 


±10 

±12.5 



m 

wm 

V 

Current Drive 


±5 

±20 


* 



mA 

Ripple Voltage, 800kHz Carrier 



25 




■ 

mVp-p 


400£2/4.7nF (See Figure 4) 


5 





mVp-p 

Capacitive Load Drive 



1000 





pF 

Voltage Noise 



4 




■ 

pV/VHz 

FREQUENCY RESPONSE 

Small Signal Bandwidth 



20 


: 

■1 

m 

kHz 

Slew Rate 



1.5 





V/|xs 

Settling Time 

0.1%, -10/10V 


75 





ps 

POWER SUPPLIES 

Rated Voltage, V CC1 



±15 



- 


V 

Voltage Range 


±10 


±18 

* 


* 

V 

Input Current 

l 0 = ±15mA 


+90/—4.5 





mA 

Ripple Current 

No Filter 


60 





mAp-p 


_o 

n 

•p 

~n 


3 





mAp-p 

Rated Output Voltage 


±14.25 

±15 

±15.75 

* 


* 

V 

Output Current 

Balanced Load 


±15 

±50 




mA 


Single 


30 

100 




mA 

Load Regulation 

Balanced Load 


0.3 





%/mA 

Line Regulation 



1.12 





V/V 

Output Voltage vs Temperature 



2.5 





mV/°C 

Voltage Balance, ±V CC2 



0.05 





% 

Voltage Ripple (800kHz) 

No External Capacitors 


50 





mVp-p 


C EXT =1pF 


5 





mVp-p 

Output Capacitive Load 



1 



* 

pF 

Sync Frequency 

TTL, 50% Duty Cycle 

1.25 

1.6 

2 

* 

* 

* 

MHz 

TEMPERATURE RANGE 

Specification 


-25 


+85 


n 

m 


Operating 


-25 


+85 

* 




Storage 


-25 


+125 

* 


HU 



NOTE: (1) Conforms to UL1244 test methods. 100% tested at 1500Vrms for 1 minute. 
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MECHANICAL 


24-PI n Double-Wide DIP 


A 


24 


13 

B 

^ Pin 1 Identifier 




1 


12 





INCHES 

■annami! 

ll»TBB 

bum 




mm 

1KLM 


EBB 

KMfcEl 

L B 

mmu 

EM 

inrei 

1HEE1 

mm 

mi 



l&nM 

D 

Miiim 

M<^m 

llgf 

lm.il 

F 

.040 TYP 


mm 

WM-Mm 

liiLMsM 

mm 

B»!?B 

WICT 

WEB 

beeb 

nj 

m> r rm 

wwm 

wrm 

BEB 

iBH 

mm 

BT5B 


EBB 

L 

ESB 


BH&1 

lEffEl 

mm 

B»?fiB 

BSSB 

BEM 

IEB 


NOTE: Leads In true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 

numbers shown for 

reference only. 
Numbers may not be 
marked on package. 



PIN CONFIGURATION 


ABSOLUTE MAXIMUM RATINGS 


Supply Without Damage 

±18V 

V IN , Sense Voltage 

±50V 

±200mV 



Continuous Isolation Voltage 


V lso . dv/dt 

Junction Temperature 

+150°C 

Storage Temperature 

-25°C to +1 25°C 

Lead Temperature, 10s 

+300°C 

Output Short to Gnd Duration 

Continuous 

±V CC2 to Gnd 2 Duration 
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Output Voltage (V) THD + N (0/o) Maximum Isolation Voltage (Vpk) 
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TYPICAL PERFORMANCE CURVES 

T a = +25°C,V cc , = ±15VDC, ±15mA output current unless otherwise noted. 


RECOMMENDED RANGE OF ISOLATION VOLTAGE 



100 Ik 10k 100k 1M 10M 



10 100 Ik 10k 100k 


o 


o 


</> 


Isolation Voltage Frequency (Hz) 


Isolation Voltage Frequency (Hz) 





0 25 50 75 100 

Time (ps) 


ISOLATED POWER SUPPLY 



60 


45 


30 


15 


0 


0 10 20 30 40 50 

0 20 40 60 80 100 


si 

S' 


±V CC1 Supply Output Current (mA) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C,V cc1 = ±15VDC, ±15mA output current unless otherwise noted. 


ISOLATION POWER SUPPLY VOLTAGE 

ISOLATED POWER SUPPLY LINE REGULATION vs TEMPERATURE 



9 10 11 12 13 14 15 16 17 18 19 -25 0 25 50 75 100 

+V CC1 ( v ) Temperature (°C) 



Sync Frequency (MHz) 
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NOTES: (1) Enable = pin open orTTLhigh. (2) Ground sync if not used. (3) L| = lOpH to reduce ripple current. (4) L 0 = lOpH, C D = 0.1 - lOpF. Optional 
supply voltage ripple filter. 


FIGURE 1. Signal and Power Connections. 


THEORY OF OPERATION 

The block diagram on the front page shows the isolation 
amplifier’s synchronized signal and power configuration, 
which eliminate beat frequency interference. A proprietary 
800kHz oscillator chip, power MOSFET transformer driv- 
ers, patented square core wirebonded transformer, and single 
chip diode bridge provide power to the output side of the 
isolation amplifier as well as external loads. The signal 
channel capacitively couples a duty-cycle encoded signal 
across the ceramic high-voltage barrier built into the pack- 



FIGURE 2a. Gain Adjust. 
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age. A proprietary transmitter-receiver pair of integrated 
circuits, laser trimmed at wafer level, and coupled through a 
pair of matched “fringe” capacitors, results in a simple, 
reliable design. 

SIGNAL AND POWER CONNECTIONS 

Figure 1 shows the proper power supply and signal connec- 
tions. All power supply pins should be bypassed as shown 
with the k filter for +V CC1 , an option recommended if more 
than ±15mA are drawn from the isolated supply. Separate 
rectifier output pins (±V CC2 ) and amplifier supply input pins 
(±V C ) allow additional ripple filtering and/or regulation. The 
separate input common pin and output sense are low current 
inputs tied to the signal source ground, and output load, re- 
spectively, to minimize errors due to IR drop in long con- 
ductors. Otherwise, connect Com 1 to Gnd 1, and Sense to 
V 0UT at the ISO! 13 socket. The enable pin may be left open 
if the IS0113 is continuously operated. If not, a TTL low 
level will disable the internal DC/ DC converter. The Sync 
input must be grounded for unsynchronized operation while 
a 1.25MHz to 2MHz TTL clock signal provides synchroni- 
zation of multiple units. 

OPTIONAL GAIN AND OFFSET ADJUSTMENTS 

Rated gain accuracy and offset performance can be achieved 
with no external adjustments, but the circuit of Figure 2a 
may be used to provide a gain trim of ±0.5% for the values 
shown. Greater range may be provided by increasing the size 
of Rj and R 2 . Every 2kQ increase in Rj will give an 
additional 1% adjustment range, with R^> 2R r If safety or 
convenience dictate location of the adjustment potentiome- 
ter on the other side of the barrier from the position shown 
in Figure 2a, the position of R, and may be reversed. 
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Gains greater than 1 may be obtained by using the circuit of 
Figure 2b. Note that the effect of input referred errors will be 
multiplied at the output in proportion to the increase in gain. 
Also, the small-signal bandwidth will be decreased in in- 
verse proportion to the increase in gain. In most instances, a 
precision gain block at the input of the isolation amplifier 
will provide better overall performance. 

Figure 3 shows a method for trimming V os of the ISOl 13. 
This circuit may be applied to either Signal Coml or Gnd2 
as desired for safety or convenience. With the values shown, 
±15V supplies and unity gain, the circuit will provide 
±150mV adjustment range and 0.25mV resolution with a 
typical trim potentiometer. The output will have some sen- 
sitivity to power supply variations. For a ±100mV trim, 
power supply sensitivity is 8m V/V at the output. 

OPTIONAL OUTPUT FILTER 

Figure 4 shows an optional output ripple filter that reduces 
the 800kHz ripple voltage to <5mVp-p without compromis- 
ing DC performance. The small signal bandwidth is ex- 
tended above 30kHz as a result of this compensation. 

MULTICHANNEL SYNCHRONIZATION 

Synchronization of multiple ISOl 13s can be accomplished 
by connecting pin 3 of each device to an external TTL level 
oscillator, as shown in Figure 7. The PWS750-1 oscillator is 
convenient because its nominal synchronizing output fre- 
quency is 1.6MHz, resulting in a 800kHz carrier in the 
ISOl 13 (its nominal unsynchronized value). The open col- 
lector output typically switches 7.5mA to a 0.2V low level 
so that the external pull up resistor can be chosen for 
different pull-up voltages as shown in Figure 7. The number 
of channels synchronized by one PWS750-1 is determined 
by the total capacitance of the sync voltage conductors. They 
must be less than lOOOpF to ensure TTL level switching at 
800kHz. At higher frequencies the capacitance must be pro- 
portionally lower. 

Customers can supply their own TTL level synchronization 
logic, provided the frequency is between 1.25MHz and 
2MHz, and the duty cycle is greater than 25%. 

Single or multichannel synchronization with reduced power 
dissipation for applications requiring less than ±15mA from 
V CC1 is accomplished by driving both the Sync input pin (3) 
and Enable pin (1) with the TTL oscillator as shown in 
Figure 5. 



ISOLATION BARRIER VOLTAGE 

The typical performance of the ISOl 13 under conditions of 
barrier voltage stress is indicated in the first two perform- 
ance curves — Recommended Range of Isolation Voltage 
and IMR/ Leakage vs Frequency. At low barrier modulation 
levels, errors can be determined by the IMRR characteristic. 
At higher barrier voltages, typical performance is obtained 
as long as the dv/dt across the barrier is below the shaded 
area in the first curve. Otherwise, the signal channel will be 
interrupted, causing the output to distort, and/or shift DC 
level. This condition is temporary, with normal operation re- 
suming as soon as the transient subsides. Permanent damage 
to the integrated circuits occurs only if transients exceed 
20kV/ps. Even in this extreme case, the barrier integrity is 
assured. 

HIGH VOLTAGE TESTING 

The ISOl 13 was designed to reliably operate with 1500Vrms 
continuous isolation barrier voltage. To confirm barrier in- 
tegrity, a two-step breakdown test is performed on 100% of 
the units. First, an 5657V peak, 60Hz barrier potential is 
applied for 10s to verify that the dielectric strength of the 
insulation is above this level. Following this exposure, a 
1500Vrms, 60Hz potential is applied for one minute to 
conform to UL1244. Life-test results show reliable opera- 
tion under continuous rated voltage and maximum operating 
temperature conditions. 




FIGURE 5. Reduced Power Dissipation. 
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APPLICATIONS 



FIGURE 6. Isolated Current Loop Driver. 



FIGURE 7. Synchronized-Multichannel Isolation. 


« 

5 

(O 
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Precision Lowest Cost 
ISOLATION AMPLIFIER 


FEATURES 

• 100% TESTED FOR HIGH-VOLTAGE 
BREAKDOWN 

• RATED 1500Vrms 

• HIGH IMR: 140dB at 60Hz 

• BIPOLAR OPERATION: V 0 = ±10V 

• SINGLE-WIDE 16-PIN PLASTIC DIP 

• EASE OF USE: Fixed Unity Gain 
Configuration 

• 0.020% max NONLINEARITY 

• ±4.5V to ±18V SUPPLY RANGE 


APPLICATIONS 

• INDUSTRIAL PROCESS CONTROL: 
Transducer Isolator, Isolator for Thermo- 
couples, RTDs, Pressure Bridges, and 
Flow Meters, 4mA to 20mA Loop Isolation 

• GROUND LOOP ELIMINATION 

• MOTOR AND SCR CONTROL 

• POWER MONITORING 

• PC-BASED DATA ACQUISITION 

• TEST EQUIPMENT 

• VENDING MACHINES 


DESCRIPTION 

The IS0122P is a precision isolation amplifier incor- 
porating a novel duty cycle modulation-demodulation 
technique. The signal is transmitted digitally across 
a 2pF differential capacitive barrier. With digital modu- 
lation the barrier characteristics do not affect signal 
integrity, resulting in excellent reliability and good high 
frequency transient immunity across the barrier. Both 
barrier capacitors are imbedded in the plastic body of 
the package. 

The IS0122P is easy to use. No external components 
are required for operation. The key specifications are 
0.020% max nonlinearity, 50kHz signal bandwidth, 
and 200pV/°C V os drift. A power supply range of 
±4.5 V to ±18V and quiescent currents of ±4.5mA on 
V sl and ±5 .0mA on V S2 make these amplifiers ideal 
for a wide range of applications. 




16 6 Gnd 
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SPECIFICATIONS 


At T a = +25°C , V S1 a V M = ±15V, and R L = 2k Q unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

ISOLATION 






Voltage Rated Continuous AC 60Hz 


1500 



VAC 

100% Test <’> 

is, 5pc PD 

2400 



VAC 

Isolation Mode Rejection 

60Hz 


140 


dB 

Barrier Impedance 



10-||2 


£2 || pF 

Leakage Current at 60Hz 

V fiQ = 240Vrms 


0.18 

0.5 

pArms 

GAIN 

V Q = ±10V 





Nominal Gain 



1 


VA/ 

Gain Error 



±0.05 

±0.50 

%FSR 

Gain vs Temperature 



±10 


ppm/°C 

Nonlinearity 



±0.008 

±0.020 

%FSR 

INPUT OFFSET VOLTAGE 






Initial Offset 




±50 

mV 

vs Temperature 





pV/°C 

vs Supply 





mVA/ 

Noise 





pV/VHz 

INPUT 






Voltage Ranged 


±10 



V 

Resistance 





kn 

OUTPUT 






Voltage Range 


■ 



V 

Current Drive 


■ 



mA 

Capacitive Load Drive 





pF 

Ripple Voltage 13 * 





mVp-p 

FREQUENCY RESPONSE 


■ ■ 




Small Signal Bandwidth 



50 


kHz 

Slew Rate 



2 


V/ps 

Settling Time 

V o = ±10V 





0.1% 



50 


ps 

0.01% 



350 


ps 

Overload Recover Time 



150 


ps 

POWER SUPPLIES 






Rated Voltage 



±15 


V 

Voltage Range 


±4.5 


±18 

V 

Quiescent Current: V S) 



±4.5 

±7.0 

mA 

v* 


. 

±5.0 

±7.0 

mA 

TEMPERATURE RANGE 






Specification 


0 


9 


Operating 


-25 




Storage 


-25 




0 JA 



100 

■■ 



NOTES: (1 ) Tested at 1 .6 X rated, fail on 5pC partial discharge. (2) Input Range is ±1 OV independent of input ±V S1 . (3) Ripple frequency is at carrier frequency (500kHz). 


CONNECTION DIAGRAM 


ABSOLUTE MAXIMUM RATINGS 


Top View 


+v s. (T 

^ — 

■ / 




VoutE 



Gnd |T 


E*v. 


Supply Voltage 


Continuous Isolation Voltage 

Junction Temperature . 

Storage Temperature 

Lead Temperature (soldering, 10s) 
Output Short to Common 


± 18 V 

JrlOOV 

..1500Vrms 

+150°C 

+85°C 

+300°C 

Continuous 


2 
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MECHANICAL 


P Package — Single-Wide 16-Pln Plastic DIP 



r~ 

INC 

HES 

MILUM 

ETERS 1 

i Hiiiy, i 

BH 

WMM 

m 

iw 

rn 

■FZE1 

■n?! 

bh 

withvM 

ra 


mi:M 

KT1TE1 


rr: 





mm 

I'M 

WEm 



\wm 

1^1 

Fv>M 

Hck»idM 


D 

Ml 

BCT 1 

BE3I 

HEM 

F 

.030 

E3 

EE9 

1.78 

mm 


ebeebbbb 

■a 

BEEB 

BEU 

DM 



WWM 

Bl 


I'TTi 

■a 

TiVTil 


KEB 

EE3I 

rc: 

mai 

7.63 BASIC | 

mm 

o° 

mm 

mm 

wm 

mm 

■wni 


DM 


uz 

.025 

.050 

0.64 

±E_ 


NOTE: Leads in 
true position within 
0.01" (0.25mm) R at 
MMC at seating 
plane. Pin numbers 
shown for reference 
only. Numbers may 
not be marked on 
package. 


TYPICAL PERFORMANCE CURVES 

T a = +25°C, V s = ±15V unless otherwise noted. 



> 



3 

a 

3 

o 


0 


500 1000 

Time (ps) 




SINE RESPONSE 
(f » 2kHz) 


SINE RESPONSE 
(f = 20kHz) 


+10 


-10 


50 

Time (ps) 
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PSRR (dB) Peak Isolation Voltage 
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TYPICAL PERFORMANCE CURVES 

T a = +25°C, V s = ±15V unless otherwise noted. 


ISOLATION VOLTAGE 



100 Ik 10k 100k 1M 10M 100M 



1 10 100 Ik 10k 100k 1M 


Frequency (Hz) 


Frequency (Hz) 



1 10 100 Ik 10k 100k 1M 

Frequency (Hz) 


ISOLATION LEAKAGE CURRENT 
vs FREQUENCY 



1 10 100 Ik 10k 100k 1M 


Frequency (Hz) 


> s 


0 


-20 


-30 

-40 


SIGNAL RESPONSE TO 
INPUTS GREATER THAN 250kHZ 







ii 

BEH 



HB 



mm 

ii 

Ba 


KSfl 



warn 

ii 

ns 



RHH 



m 

n 

7.MX 



H 



n am 

i 

(IBS 




! 



i 


0 500kHz 1MHz 1.5MHz 

Input Frequency 

(NOTE: Shaded area shows aliasing frequencies that 
cannot be removed by a low-pass filter at the output.) 


Burr-Brown IC Data Book Supplement, Vol. 33b 


443 


ISOLATION PRODUCTS Q IS0 122 





For Immediate Assistance, Contact Your Local Salesperson 


THEORY OF OPERATION 

The IS0122P isolation amplifier uses an input and an output 
section galvanically isolated by matched lpF isolating ca- 
pacitors built into the plastic package. The input is duty-cycle 
modulated and transmitted digitally across the barrier. The 
output section receives the modulated signal, converts it back 
to an analog voltage and removes the ripple component 
inherent in the demodulation. Input and output sections are 
fabricated, then laser trimmed for exceptional circuitry match- 
ing common to both input and output sections. The sections 
are then mounted on opposite ends of the package with the 
isolating capacitors mounted between the two sections. 

MODULATOR 

An input amplifier (Al, Figure 1) integrates the difference 
between the input current (V^OOkQ) and a switched ±100jiA 
current source. This current source is implemented by a 
switchable 200pA source and a fixed lOOjiA current sink. To 
understand the basic operation of the modulator, assume that 
= 0.0V. The integrator will ramp in one direction until the 
comparator threshold is exceeded. The comparator and sense 
amp will force the current source to switch; the resultant 
signal is a triangular waveform with a 50% duty cycle. The 
internal oscillator forces the current source to switch at 
500kHz. The resultant capacitor drive is a complementary 
duty-cycle modulation square wave. 

DEMODULATOR 

The sense amplifier detects the signal transitions across the 
capacitive barrier and drives a switched current source into 
integrator A2. The output stage balances the duty-cycle 
modulated current against the feedback current through the 
200kQ feedback resistor, resulting in an average value at the 


V 0UT pin equal to V^. The sample and hold amplifiers in the 
output feedback loop serve to remove undesired ripple volt- 
ages inherent in the demodulation process. 

BASIC OPERATION 

SIGNAL AND SUPPLY CONNECTIONS 

Each power supply pin should be bypassed with 1|XF tanta- 
lum capacitors located as close to the amplifier as possible. 
The internal frequency of the modulator/demodulator is set at 
500kHz by an internal oscillator. Therefore if it is desired to 
minimize any feedthrough noise (beat frequencies) from a 
DC/DC converter, use a n filter on the supplies (see Figure 
4). IS0122P output has a 500kHz ripple of 20mV, which 
can be removed with a simple two pole low-pass filter with 
a 100kHz cutoff using a low cost op amp. See Figure 4. 
The input to the modulator is a current (set by the 200k£2 
integrator input resistor) that makes it possible to have an 
input voltage greater than the input supplies, as long as the 
output supply is at least ±15 V. It is therefore possible when 
using an unregulated DC/DC converter to minimize PSR 
related output errors with ±5V voltage regulators on the 
isolated side and still get the full ±10V input and output 
swing. An example of this application is shown in Figure 10. 

CARRIER FREQUENCY CONSIDERATIONS 

The IS0122P amplifier transmits the signal across the isola- 
tion barrier by a 500kHz duty cycle modulation technique. 
For input signals having frequencies below 250kHz, this 
system works like any linear amplifier. But for frequencies 
above 250kHz, the behavior is similar to that of a sampling 
amplifier. The signal response to inputs greater than 250kHz 
performance curve shows this behavior graphically; at input 
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frequencies above 250kHz the device generates an output 
signal component of reduced magnitude at a frequency 
below 250kHz. This is the aliasing effect of sampling at 
frequencies less than 2 times the signal frequency (the 
Nyquist frequency). Note that at the carrier frequency and its 
harmonics, both the frequency and amplitude of the aliasing 
go to zero. 


ISOLATION MODE VOLTAGE INDUCED ERRORS 

IMV can induce errors at the output as indicated by the plots 
of IMV vs Frequency. It should be noted that if the IMV 
frequency exceeds 250kHz, the output also will display spu- 
rious outputs (aliasing), in a manner similar to that for V^ > 
250kHz and the amplifier response will be identical to that 
shown in the Signal Response to Inputs Greater Than 250kHz 
performance curve. This occurs because IMV-induced errors 
behave like input-referred error signals. To predict the total 
error, divide the isolation voltage by the IMR shown in the 
IMR vs Frequency curve and compute the amplifier response 
to this input-referred error signal from the data given in the 
Signal Response to Inputs Greater than 250kHz performance 
curve. For example if a 800kHz lOOOVrms IMR is present, 
then a total of [( -60dB) + (-30dB)] x (1000V) = 32mV error 
signal at 200kHz plus a IV, 800kHz error signal will be 
present at the output. 


HIGH IMV dV/dt ERRORS 

As the IMV frequency increases and the dV/dt exceeds 
IOOOV/jis, the sense amp may start to false trigger, and the 
output will display spurious errors. The common mode cur- 
rent being sent across the barrier by the high slew rate is the 
cause of the false triggering of the sense amplifier. Lowering 
the power supply voltages below ±15 V may decrease the 
dV/dt to 500V/ps for typical performance. 



FIGURE 2. Basic Signal and Power Connections. 


HIGH VOLTAGE TESTING 

Burr-Brown Corporation has adopted a partial discharge test 
criterion that conforms to the German VDE0884 Optocou- 
pler Standards. This method requires the measurement of 
minute current pulses (<5pC) while applying 2400Vrms, 
60Hz high voltage stress across every ISO 122 isolation bar- 
rier. No partial discharge may be initiated to pass this test. 
This criterion confirms transient overvoltage (1.6 x 1500Vrms) 
protection without damage to the ISO 122. Lifetest results 
verify the absence of failure under continuous rated voltage 
and maximum temperature. 

This new test method represents the “state of the art” for non- 
destructive high voltage reliability testing. It is based on the 
effects of non-uniform fields that exist in heterogeneous 
dielectric material during barrier degradation. In the case of 
void non-uniformities, electric field stress begins to ionize 
the void region before bridging the entire high voltage 
barrier. The transient conduction of charge during and after 
the ionization can be detected externally as a burst of 0.01- 
0.1 ps current pulses that repeat on each AC voltage cycle. 
The minimum AC barrier voltage that inititates partial dis- 
charge is defined as the “inception voltage.” Decreasing the 
barrier voltage to a lower level is required before partial 
discharge ceases and is defined as the “extinction voltage.” 
We have characterized and developed the package insulation 
processes to yield an inception voltage in excess of 2400Vrms 
so that transient overvoltages below this level will not 
damage the ISO 122. The extinction voltage is above 
1 500Vrms so that even overvoltage induced partial discharge 
will cease once the barrier voltage is reduced to the 1500 Vims 
(rated) level. Older high voltage test methods relied on 
applying a large enough overvoltage (above rating) to break 
down marginal parts, but not so high as to damage good ones. 
Our new partial discharge testing gives us more confidence 
in barrier reliability than breakdown/no breakdown criteria. 



FIGURE 3. Programmable-Gain Isolation Channel with 
Gains of 1, 10, and 100. 
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FIGURE 4. Optional n Filter to Minimize Power Supply Feedthrough Noise; Output Filter to Remove 500kHz Carrier Ripple. 



FIGURE 5. Battery Monitor for a 600V Battery Power System. (Derives Input Power from the Battery.) 
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FIGURE 7. Isolated 4-20mA Instrument Loop. (RTD shown.) 
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FIGURE 8. Isolated Power Line Monitor. 
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FIGURE 9. Three-Port, Low-Cost, Four-Channel Isolated, Data Acquisition System. 
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+15V 



NOTE: The input supplies can be subregulated to ±5V to reduce 
PSR related errors without reducing the ±10V input range. 


FIGURE 10. Improved PSR Using External Regulator. 
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Low Cost, Two-Port Isolated, Low Profile 
ISOLATION AMPLIFIER 


FEATURES 

• 12-BIT ACCURACY 

• LOW PROFILE (LESS THAN 0.5” HIGH) 

• SMALL FOOTPRINT 

• EXTERNAL POWER CAPABILITY 
(±8V at 5mA) 

• “MASTER/SLAVES” SYNCHRONIZATION 
CAPABILITY 

• INPUT OFFSET ADJUSTMENT 

• LOW POWER (75mW) 

• SINGLE 12V OR 15V SUPPLY OPERATION 


APPLICATIONS 

• INDUSTRIAL PROCESS CONTROL: 
Transducer Channel Isolator for 
Thermocouples, RTDs, Pressure 
Bridges, Flow Meters 

• 4mA TO 20mA LOOP ISOLATION 

• MOTOR AND SCR CONTROL 

• GROUND LOOP ELIMINATION 
+ ANALYTICAL MEASUREMENTS 

• POWER PLANT MONITORING 

• DATA ACQUISITION/TEST EQUIPMENT 
ISOLATION 

• MULTIPLEXED SYSTEMS WITH CHANNEL 
TO CHANNEL ISOLATION 


DESCRIPTION 

The IS0212P signal isolation amplifier is a member of 
a series of low-cost isolation products from Burr- 
Brown. The low-profile SIL plastic package allows 
PCB spacings of 0.5" to be achieved, and the small 
footprint results in efficient use of board space. 

To provide isolation, the design uses high-efficiency, 
miniature toroidal transformers in both the signal and 
power paths. An uncommitted input amplifier and an 
isolated external bipolar supply ensure the majority of 
input interfacing or conditioning needs can be met. The 
IS0212P accepts an input voltage range of ±5V for 
single 15V supply operation or ±2.5 V for single 12V 
supply operation. 


Isolation Barrier 
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SPECIFICATIONS 


ELECTRICAL 

At T « +25°C and V cc ■ +15V unless otherwise noted. 




IS0212JP 

IS0212KP 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 


TYP 


UNITS 

ISOLATION 

Voltage 

Rated Continuous 









AC. 60Hz 


750 



* 



Vrms 

DC 


1060 



* 



VDC 

100% Test (AC. 60Hz) 

Partial Discharge 









Is : <5pC 

1200 



■ * 



Vrms 

Isolation-Mode Rejection' 1 ’ 

V 1S0 * Rated 
Continuous 60Hz 





' 



AC 



115 



• 


dB 

DC 



160 



* 


dB 

Barrier Resistance 



10 10 





a 

Barrier Capacitance 



12 





PF 

Leakage Current 

V 1S0 = 240Vrms, 60Hz 


1 

2 



* 

pArms 


V lso = 240Vrms, 50Hz 



1.6 



* 

pArms 

GAIN 

Initial Error 




±2 



. 

% FSR' 2 ’ 

Gain vs Temperature 






* 

* 

ppmFSR 

Nonlinearity' 3 ’ 

V 0 = -5 V to +5V 





0.015 

0.025 

%FSR 

INPUT OFFSET VOLTAGE 

Initial Offset 

_< 

u 



±10 ±10/G 



±7.5 ±7.5/G 

mV 

vs Temperature 



±30 ±30/G 



• 


pV/°C 

vs Power Supply' 4 ’ 

V cc » 14V to 16V 


±1.5 





mV/V 

Adjustment Range 

±20 



* 



mV 

INPUT CURRENT 

Bias 




50 



. 

nA 

Offset 




4 



* 

nA 

INPUT 

Voltage Range ' 5 > 

Rated Operation 

±5 



. 



|| 


G = 1 








OUTPUT 

Voltage Range 

Out Hi to Out Lo 

Min Load = 1MQ 

±5 



* 

! ' ■ 


V 

Ripple Voltage < 6 ’ 

f = 0to 100kHz 


8 



* 


mVp-p 


f = 0 to 5kHz 


0.4 



* 


mVrms 

FREQUENCY RESPONSE 

Small Signal Bandwidth 

I/P = IVp-p, -3dB 


1 



. 


kHz 


G = 1 








Full Signal Bandwidth 

I/P = lOVp-p, 


200 



* 


Hz 


G *> 1 








ISOLATED POWER OUTPUTS 

Voltage Outputs (±V SS ,) ' 7) 

No Load 

±7.5 

±8 


* 

* 


VDC 

vs Temperature 



-8 



* 


mV/°C 

vs Load 

Current Output (7 > 



90 





mV/mA 

(Both Loaded) 




5 



* 

mA 

(One Loaded) 




8 



* 

mA 

POWER SUPPLIES 

Rated Voltage 

Rated Performance 


15 



■ I 


V 

Voltage Range (S) 


11.4 


16 



1 * 

V 

Quiescent Current 

No Load 


4.3 

7 


mm 

* 

mA 

TEMPERATURE RANGE 

Specification 


0 



| 


• 

°C 

Operating 


-25 





* 

°C 


*Same as IS0212JP. 


NOTES: (1) Isolation-mode rejection is the ratio of the change in output voltage to a change in isolation barrier voltage. It is a function of frequency. (2) FSR = Full 
Scale Range = 1 0V. (3) Nonlinearity is the peak deviation of the output voltage from the best-fit straight line. It is expressed as the ratio of deviation to FSR. (4) Power 
Supply Rejection is the change in V os /Supply Change. (5) At = +1 1 .4V, input voltage range = ±2.5V min. (6) Ripple is the residual component of the barrier carrier 
frequency generated internally. (7) Derated at V cc = +11.4V. 
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MECHANICAL 


P Package -38-Pln Plastic SIP 


A 



L 


F 


TT 

G— I 


I— M- 


48r? 



— 

■ftllMi 


INCHES 1 



IM1 

1MB 

IW 

A 

56.39 

57.05 

2.220 

2.246 ! 

B 

131 

KVKrR 



C 

7.49 

T71 


■*wi 

D 

1.27 TYP 

0.050 TYP 

E 

4.95 TYP 

0.1 95 TYP 

F 

38.10 TYP 

1.500 TYP 

G 

4.78 TYP 

0.188 TYP 

mm 

2.54 TYP 

0.1 00 TYP 

j 

2.54 TYP 

0.1 00 TYP 

K 

3.18TYP 

0.125 TYP 

L 

0.46 TYP 

0.018 TYP 

mm 

■ni 

mi 

mm 


Esnm 


NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. 


PIN CONFIGURATION 


ABSOLUTE MAXIMUM RATINGS 


Bottom View 




O 

1 +I/P 

Com 1 2 

o 


0 

3 -I/P 

f B 4 

0 



0 

5 -V 8S1 

+V ec , 6 

o 


0 

7 Offset Adjust 

Offset Adjust 8 

o 



0 

31 +V CC 

Com 2 32 

o 

Clock Out 34 

o 



0 

35 Clock In 


o 

37 O/P Low 

O/P High 38 

o 



Supply Voltage Without Damage 18V 

Continuous Isolation Voltage Across Barrier 750Vrms 

Storage Temperature Range -25°C to 100°C 

Lead Temperature (soldering, 10s) +300°C 

Amplifier Output Short-Circuit Duration Continuous to Common 

Output Voltage HI or Lo to Com 2 ±V C0 /2 


ORDERING INFORMATION 


MODEL 

PACKAGE 

OPERATING 
TEMPERATURE RANGE 

IS0212JP 

IS0212KP 

Plastic SIP 
Plastic SIP 

-25°C to +85°C 
-25°C to +85°C 
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IMR (dB) Output Voltage (V) Output Voltage (V) 
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TYPICAL PERFORMANCE CURVES 

T a = +25°C, V s = ±1 5V unless otherwise noted. 



0 5 10 
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TYPICAL PERFORMANCE 
CURVES (CONT) 

T a » +25°C, V 8 = ±1 5V unless otherwise noted. 

GAIN ERROR vs CLOCK-IN RATE 



Clock-In Rate (kHz) 

DISCUSSION 
OF SPECIFICATIONS 

The IS0212P is intended for applications where isolation 
and input signal conditioning are required. Best signal-to- 
noise performance is obtained when the input amplifier gain 
setting is such that the f B pin has a full scale range of ±5V. 
The bandwidth is internally limited to typically 1kHz, mak- 
ing the device ideal for use in conjunction with sensors that 
monitor slowly varying processes. To power external func- 
tions or networks, 5mA at ±8V typical is available at the 
isolated port. 

LINEARITY PERFORMANCE 

The IS0212P offers non-linearity performance compatible 
with 12-bit resolution systems (0.025%). Note that the speci- 
fication is based on a best-fit straight line. 


OPTIONAL OFFSET VOLTAGE ADJUSTMENT 

In many applications, the untrimmed input offset voltage will 
be adequate. For situations where it is necessary to trim the 
offset, a potentiometer can be used. See Figure 1 for details. 
It is important to keep the traces to the offset adjust pins as 
short as practical, because noise can be injected into the input 
op amp via this route. 

INPUT PROTECTION 

If the IS0212P is used in systems where a transducer or 
sensor does not derive its power from the isolated power 
available from the device, then some input protection must 
be present to prevent damage to the input op amp when the 
IS0212P is not powered. A resistor of 5kG should be 
included to limit the output impedance of the signal source. 
Where the op amp is configured for an inverting gain, then 
R in of the gain setting network can be used. For non-inverting 
configurations, a separate resistor is required. Neglecting this 
point may also lead to problems when powering on the 
IS0212P. 

USING ±V SS1 TO POWER EXTERNAL CIRCUITRY 

The DC/DC converter in the IS0212P runs at a switching 
frequency of 25kHz. Internal rectification and filtering is 
sufficient for most applications at low frequencies or with no 
external networks connected. 

The ripple on ±V SS1 will typically be lOOmVp-p at 25kHz. 
Loading the supplies will increase the ripple unless extra 
filtering is added externally; a capacitor of ljiF is normally 
sufficient for most applications, although in some cases 10pF 
may be required. Noise introduced onto ±V SS1 should be 
decoupled to prevent degraded performance. 



FIGURE 1. Power Supply and Signal Connections Shown for Non-Inverting, Unity Gain Configuration. 
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THEORY OF OPERATION 

The IS0212P has no galvanic connection between the input 
and output. The analog input signal referenced to the input 
common (Com 1) is multiplied by the gain of the input 
amplifier and accurately reproduced at the output. The output 
section uses a differential design so either the Hi or Lo pin 
may be referenced to the output common (Com 2). This 
allows simple input signal inversion while maintaining the 
high impedance input configuration. A simplified diagram of 
the IS0212P is shown in Figure 2. The design consists of a 
DC/DC converter, an uncommitted input operational ampli- 
fier, a modulator circuit and a demodulator circuit. Magnetic 
isolation is provided by separate transformers in the power 
and signal paths. 

The DC/DC converter provides power and synchronization 
signals across the isolation barrier to operate the operational 
amplifier and modulator circuitry. It also has sufficient 
capacity to power external input signal conditioning net- 
works. The uncommitted operational amplifier may be 
configured for signal buffering or amplification, depending 
on the application. 

The modulator converts the input signal to an amplitude- 
modulated AC signal that is magnetically coupled to the 
demodulator by a miniature transformer providing the sig- 
nal-path isolation. The demodulator recovers the input signal 
from the modulated signal using a synchronous technique to 
minimize noise and interference. 

ABOUT THE BARRIER 

For any isolation product, barrier integrity is of paramount 
importance in achieving high reliability. The IS0212P uses 
miniature toroidal transformers designed to give maximum 
isolation performance when encapsulated with a high-dielec- 
tric-strength material. The internal component layout is de- 
signed so that circuitry associated with each side of the 
barrier is positioned at opposite ends of the package. Areas 


where high electric fields can exist are positioned in the 
center of the package. The result is that the dielectric strength 
of the barrier typically exceeds 3kVrms. 

ISOLATION VOLTAGE RATINGS 

Because a long term test is impractical in a manufacturing 
situation, the generally accepted practice is to perform a 
production test at a high voltage for some shorter time. The 
relationship between actual test voltage and the continuous 
derated maximum specification is an important one. Histori- 
cally, Burr-Brown has chosen a deliberately conservative 
one: V TEST = (2 X ACrms continuous rating) + 1000V for ten 
seconds, followed by a test at rated ACrms voltage for one 
minute. This choice was appropriate for conditions where 
system transients were not well defined. 

Recent improvements in high voltage stress testing have 
produced a more meaningful test for determining maximum 
permissible voltage ratings, and Burr-Brown has chosen to 
apply this new technology in the manufacture and testing of 
the IS0212P. 

PARTIAL DISCHARGE 

When an insulation defect such as a void occurs within an 
insulation system, the defect will display localized corona or 
ionization during exposure to high voltage stress. This ioni- 
zation requires a higher applied voltage to start the discharge 
and a lower voltage to extinguish it once started. The higher 
start voltage is known as the inception voltage and the lower 
voltage is called the the extinction voltage. Just as the total 
insulation system has an inception voltage, so do the individ- 
ual voids. A voltage will build up across a void until its 
inception voltage is reached. At this point, the void will 
ionize, effectively shorting itself out. This action redistrib- 
utes electrical charge within the dielectric and is known as 
partial discharge. If the applied voltage gradient across the 
device continues to rise, another partial discharge cycle 
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-I/P 
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+V SS1 O/P 


-V SS1 O/P 


Com 1 
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32 ^ 
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FIGURE 2. Simplified Diagram of Isolation Amplifier. 
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begins. The importance of this phenomenon is that if the 
discharge does not occur, the insulation system retains its 
integrity. If the discharge begins and is allowed to continue, 
the action of the ions and electrons within the defect will 
eventually degrade any organic insulation system in which 
they occur. The measurement of partial discharge is both 
useful in rating the devices and in providing quality control 
of the manufacturing process. The inception voltage of these 
voids tends to be constant, so that the measurement of total 
charge being re-distributed within the dielectric is a very 
good indicator of the size of the voids and their likelihood of 
becoming an incipient failure. 

The bulk inception voltage, on the other hand, varies with the 
insulation system and the number of ionization defects. This 
directly establishes the absolute maximum voltage (tran- 
sient) that can be applied across the test device before 
destructive partial discharge can begin. 

Measuring the bulk extinction voltage provides a lower, 
more conservative, voltage from which to derive a safe 
continuous rating. In production, it’s acceptable to measure 
at a level somewhat below the expected inception voltage 
and then de-rate by a factor related to expectations about the 
system transients. The isolation amplifier has been exten- 
sively evaluated under a combination of high temperatures 
and high voltage to confirm its performance in this respect. 
The IS0212P is free of partial discharges at rated voltages. 

PARTIAL DISCHARGE TESTING IN PRODUCTION 

Not only does this test method provide far more qualitative 
information about stress withstand levels than did previous 
stress tests, but it also provides quantitative measurements 
from which quality assurance and control measures can be 
based. Tests similar to this test have been used by some 
manufacturers such as those of high voltage power distribu- 
tion equipment for some time, but they employed a simple 
measurement of RF noise to detect ionization. This method 
was not quantitative with regard to energy of the discharge 
and was not sensitive enough for small components such as 
isolation amplifiers. Now, however, manufacturers of HV 
test equipment have developed means to measure partial 
discharge, and VDE, the German standards group, has adopted 
use of this method for the testing of opto-couplers. To 
accommodate poorly defined transients, the part under test is 
exposed to a voltage that is 1.6 times the continuous rated 
voltage and must display <5pC partial discharge level in a 
100% production test. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 

POWER SUPPLY AND SIGNAL CONNECTIONS 

As with any mixed analog and digital signal component, 
correct decoupling and signal routing precautions must be 
used to optimize performance. Figure 1 shows the proper 
power supply and signal connections. V cc should be by- 


passed to Com 2 with a 0.1 pF ceramic capacitor as close to 
the device as possible. Short leads will minimize lead induc- 
tance. A ground plane will also reduce noise problems. If a 
low impedance ground plane is not used, signal common 
lines, and either O/P High or O/P Low pin should be tied 
directly to the ground at the supply and Com 2 returned via 
a separate trace to the supply ground. 

To avoid gain and isolation mode (IMR) errors introduced by 
the external circuit, connect grounds as indicated in Figure 3. 
Layout practices associated with isolation amplifiers are very 
important. In particular, the capacitance associated with the 
barrier, and series resistance in the signal and reference 
leads, must be minimized. Any capacitance across the barrier 
will increase AC leakage and, in conjunction with ground 
line resistance, may degrade high frequency IMR. 


ci 

ci 

o 

(0 



FIGURE 3. Technique for Connecting Com 1 and Com 2. 


VOLTAGE GAIN MODIFICATIONS 

The uncommitted operational amplifier at the input can be 
used to provide gain, signal inversion, active filtering or 
current to voltage conversion. The standard design approach 
for any op-amp stage can be used, provided that the full scale 
voltage appearing on f B does not exceed ±5 V. 

If the input op-amp is overdriven, ripple at the output will 
result. To prevent this, the feedback resistor should have a 
minimum value of 10kO. 

Also, it should be noted that the current required to drive the 
equivalent impedance of the feedback network is supplied by 
the internal DC/DC converter and must be taken into account 
when calculating the loading added to ±V SS r 

Since gain inversion can be incorporated in either the input 
or output stage of the IS0212P, it is possible to use the input 
amplifier in a non-inverting configuration and preserve the 
high impedance this configuration offers. Signal inversion at 
the output is easily accomplished by connecting O/P High to 
Com 2 instead of O/P Low. 
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ISOLATED POWER OUTPUT DRIVE CAPABILITY 

On the input side of the IS0212P, there are two power 
supplies capable of delivering 5mA at ±8V to power external 
circuitry. When using these supplies with external loads, it is 
recommended that additional decoupling in the form of 10|iF 
tantalum bead capacitors be added to improve the voltage 
regulation. Loss of linearity will result if additional filtering 
is not used with an output load. Again, power dissipated in 
the feedback loop around the input op amp must be sub- 
tracted from the available power output at ±V SS r 

If the IS02 1 2P is to be used in multiple applications, care 
should be taken in the design of the power distribution 
network, especially when all IS0212Ps are synchronized. It 
is best to use a well decoupled distribution point and to take 
power to individual IS0212Ps from this point in a star 
arrangement as shown in Figure 4. 


Because the frequencies of several IS0212Ps can be margin- 
ally different, “beat” frequencies ranging from a few Hz to a 
few kHz can exist in multiple amplifier applications. The 
design of the IS0212P accommodates “internal synchro- 
nous” noise, but a synchronous beat frequency noise will not 
be strongly attenuated, especially at very low frequencies if 
it is introduced via the power, signal, or potential grounding 
paths. To overcome this problem in systems where several 
IS0212Ps are used, the design allows synchroniztion of each 
oscillator in a system to one frequency. Do this by forcing the 
timing node on the internal oscillator with an external driver 
connected to Clk In. See Figure 5. The driver may be an 
external component with Series 4000 CMOS characteristics, 
or one of the IS0212Ps in the system can be used as the 
master clock for the system. See Figure 6 and 7 for connec- 
tions in multiple IS0212P installations. 



FIGURE 4. Recommended Decoupling and Power Distribu- are CMOS. 


tion. 


NOISE 

Output noise is generated by residual components of the 
25kHz carrier that have not been removed from the signal. 
This noise may be reduced by adding an output low pass 
filter (see Figure 8). The filter time constants should be set 
below the carrier frequency. The output from the IS021 2P is 
a switched capacitor and requires a high impedance load to 
prevent degradation of linearity. Loads of less than 1MQ will 
cause an increase in noise at the carrier frequency and will 
appear as ripple in the output waveform. Since the output 
signal power is generated from the input side of the barrier, 
decoupling of the ±V SS outputs will improve the signal to 
noise ratio. 

SYNCHRONIZATION 

OF THE INTERNAL OSCILLATOR 

The IS0212P has an internal oscillator and associated timing 
components, which can be synchronized, incorporated into 
the design. This alleviates the requirement for an external 
high-power clock driver. The typical frequency of oscillation 
is 50kHz. The internal clock will start when power is applied 
to the IS0212P and Clk In is not connected. 



FIGURE 6. Oscillator Connections for Synchronous Opera- 
tion in Multiple IS0212P Installations. 


CHARGE ISOLATION 

When more than one IS0212P is used in synchronous mode, 
the charge which is returned from the timing capacitor 
(220pF in Figure 5) on each transition of the clock becomes 
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FIGURE 7. Isolating the Clk Out Node. 


significant. Figure 7 illustrates a method of isolating the “Clk 
Out” clamp diodes (Figure 5) from this charge. 

A 22kQ resistor (recommended maximum to use) together 
with the 39kQ internal oscillator timing resistor (Figure 5) 
forms a potential divider. The ratio of these resistors should 
be greater than 0.6 which ensures that the input voltage 
triggers the inverter connected to “Clk In”. If using a single 
resistor, then account must be taken of the paralleled timing 
resistors. This means that the 22kQ resistor must be halved 
to drive two IS0212Ps, or divided by 8 if driving 8 IS02 12Ps 
to insure that the ratio of greater than 0.6 is maintained. The 
series resistors shown in Figure 7 reduce the high frequency 
content of the power supply current. 


APPLICATIONS 

The IS0212P isolation amplifier, together with a few low 
cost components, can isolate and accurately convert a 4-to- 
20mA input to a ±1 0V output with no external adjustment. Its 


low height (0.43" (1 1mm) ) and small footprint (2.5" X 0.33" 
(57mm X 8mm) ) make it the solution of choice in 0.5" board 
spacing systems and in all applications where board area 
savings are critical. 

The IS0212P operates from a single +15V supply and offers 
low power consumption and 12-bit accuracy. On the input 
side, two isolated power supplies capable of supplying 5mA 
at ±8V are available to power external circuitry. 


APPLICATIONS FLEXIBILITY 


In Figure 8, the IS0212P’s +V ss , isolated supply powers a 
REF200 to provide an accurate IOOjiA current source. This 
current is opposed by an equal but opposite current through 
the 75kQ feedback resistor to establish an offset of -7.5 V at 
l m = 0mA. With I. n = 4-to-20mA, the output is -5 to +5 V. The 
ratio of the 75kQ and 3.12k£2 resistors assures the correct 
gain. 


Ol 

o 

<0 


The polarity of the output can be reversed by simply revers- 
ing the O/P HI and O/P LO pins. This could be used in the 
Figure 8 circuit to change the -5V to +5V output to a +5V 
to -5V output range. 



The primary function of the output circuitry is to add gain to 
produce a ±10V output and to reduce output impedance. The 
addition of a few resistors and capacitors provides a low pass 
filter with a cut-off frequency equal to the full signal band- 
width of the IS0212P, typically 200Hz. The filter response 
is flat to ldB and rolls off from cut off at -12dB per octave. 


The accuracy of the REF200 and external resistors elimi- 
nates the need for expensive trim pots and adjustments. The 
errors introduced by the external circuitry only add about 
10% of the IS0212P’s specified gain and offset voltage 
error. 
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FIGURE 9. Instrument Bridge Isolation Amplifier. 



FIGURE 1 0. Photodiode Isolation Amplifier. 



FIGURE 1 1 . Thermocouple Amplifier with Ground Loop Elimination, Cold Junction Compensation and Down-Scale Bum-Out. 
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FIGURE 13. Isolated temperature Sensing and Amplification. 
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PWS727 

PWS728 


Isolated, Unregulated 
DC/DC CONVERTERS 

FEATURES APPLICATIONS 

• 100% TESTED FOR HIGH VOLTAGE • INDUSTRIAL PROCESS CONTROL 

BREAKDOWN « GROUND LOOP ELIMINATION 

• COMPACT (28-pin DIP) • POINT-OF-USE ANALOG POWER 

• 5V OR 15V INPUT OPTIONS 

• SYNCHRONIZABLE (TTL) 

DESCRIPTION 

The PWS727 is a DC/DC converter which uses mini- it possible to minimize the transformer size. The trans- 

mal PC board space and converts a single input 10 to former is composed of a split bobbin isolation trans- 

18VDC to bipolar voltages of the same value as the former using a ferrite core and is encapsulated in a 

input. The PWS728 converts a 4.7 to 6VDC to bipolar plastic package, allowing a higher isolation voltage 

voltages three times the value of the input. The con- rating. The design minimizes high frequency radiated 

verters are capable of providing ± 15mA (PWS727) or noise on the output by using a ground plane directly 

±12mA (PWS728) at rated voltage and up to ±30mA. under the high frequency components. 

The PWS727 and PWS728 use a high-frequency 
(800kHz nominal) surface mount oscillator that makes 


Sync 



Input Gnd miN Output Gnd 

* Use a 10V zener on PWS728 to prevent (Typical Connection) 

input spikes overstressing the diode bridge. 
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SPECIFICATIONS 

ELECTRICAL 

At V IN =15VDC, Output Load - ±15mA (PWS727) and T A » +25 e C unless otherwise noted. Or V 1N «=* 5VDC, Output Load »±1 2mA (PWS728) and T A » +25°C unless 
otherwise noted 




PWS727 

PWS728 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

ISOLATION 









Voltage Rated Continuous AC 60Hz 


750 



* 



Vrms 

100% Test*" 

60Hz, Is. <5pC PD 

1200 



* 



Vrms 

Barrier Impedance 



10 12 1| 8 



* 


nil PF 

Leakage Current at 60Hz 

V ISQ = 240Vrms, 60Hz 


1 

1.5 


4 

# 

pArms 

INPUT 









Rated Voltage 



15 



5 


V 

Voltage Range 


10 


18 

4.5 


6 

V 

Current 



55 

65 


110 

130 

mA 

Current Ripple 



2.5 



7.5 


mAp-p 

Current Limit 




250 



• 

mAp-p 

ttl 1n , l 1H 




10 



* 

nA 




-1 





pA 

Vjh 


2.0 



* 



V 

V ,L 







* 

V 

Frequency Range 





* 


* 

MHz 

TTl^leu 







15 

mA 

OUTPUT 









Rated Output Voltage 


14.25 

15.0 

15.75 

* 

* 

* 

VDC 

Current 



15 

30 


12 

30 

mA 

Regulation 









(single ended load change) 

+I Q ss 7.5 -15mA, 


45 



135 


mV/mA 


-l 0 = 15mA 








Sensitivity 

V IN = 10 to 18 V 


1.13 



3.8 


V/V 

Balance 




15 



25 

mV 

Ripple Voltage 

At Switching Frequency 


10 



* 


mVpp 

Output Switching Noise 

>800kHz 


20 



* 


mVpp 

Output Voltage Temp Coefficient 



.05 



* 


V/°C 

Sync 

Loading 



20 || 40 



* 

kn || pF 

Sync Frequency* 2 * 


725 

800 

875 

* 


* 

kHz 

TEMPERATURE RANGE 







■ ■ 


Specification 







■ 


Operation 









Storage 







WmJm 



NOTE: (1) Tested at 1.6 x rated, fail on 5pC partial discharge leakage current on 5 successive pulses. (2) Nominal with pin 17 grounded. 


ORDERING INFORMATION 


Basic Model Number PWS727 

PWS728 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 18V 

Continuous Isolation Voltage 750Vrms 

Junction Temperature +150°C 

Storage Temperature 85°C 

Lead Temperature (Solder, 10s) 300°C 

Output Short to Common Continuous 

Max Load, Sum of Both Outputs 60mA 


PIN CONFIGURATION 


NC El 

1 

El +v = 

Sync [T 


27| Output Gnd 

NC [T 


26| -V 0 

NC |T 


S] NC 

NC []T 


Ti] nc 

E 



Input Gnd [ij 


TTL^ 

+V 1N |u 


15J Enable 
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MECHANICAL 


28-PI n Double — Wide DIP 


r A n 

o o o o 
□ D 
□ 


oooo 


V 




o o o o 


oooo 


Bl 

■nsisi 

—tiaasiai 

in 


BS3I 

m 

row 

n 


wsm 


IMU 

mm 



■WUci 

IETK1 


■mudi 

KIM 

l&T 

BUI 


n 

msmm 

mm 

i— 

BBEEM 

mm 

KE3HEE1 


n 

E2EE3B 

eeesji 


NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. 



TYPICAL PERFORMANCE CURVES 

T a = +25°C, V IN = 15VDC, l LOAO = ±15mA (PWS727), or V IN = 5VDC, output load = ±12mA (PWS728) unless otherwise noted. 




0 5 10 15 20 25 30 


OUTPUT RIPPLE VOLTAGE 



50 

Q. 

40 

> 

E, 

© 

30 

2 


o 

> 

© 

a 

if 

20 

10 









Ripple Frequency = 
Oscillator Frequency 


















0.2 0.4 0.6 0.8 1.0 


Load (mA) 


Filter Capacitance (pF) 
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TYPICAL PERFORMANCE 
CURVES (CONT) 

T a = +25°C, V IN = 1 5VDC, l LOAD = ±1 5mA (PWS727), or V (N = 5VDC, output load 
= ±12mA (PWS728) unless otherwise noted. 


THEORY OF OPERATION 

The PWS727 and PWS728 are composed of the PWS750 
building blocks which are assembled along with some stan- 
dard components to build an isolated push pull DC/DC con- 
verter. 



0 5 10 15 20 25 30 

Load Current (±mA) 



-25 0 25 50 75 100 

Temperature (°C) 



0 1.5 2 2.5 


Load Current (±mA) 


PWS727 AND PWS728 PIN FUNCTIONS 

TTL^ is used to optionally control the frequency of the os- 
cillator with an external TTL level frequency source. The 
input frequency must be twice the desired driver frequency, 
since there is an internal divide by 2 circuit to produce a 50% 
duty cycle output. The input duty cycle can vary from 12% 
to 95%, (see the Typical Performance Curves). When in the 
free running mode the TTL IN pin must be tied to ground. 

TTL out is used to synchronize the outputs of multiple 
PWS727s and/or PWS728s to minimize beat frequency 
problems if desired. A standard open collector output is pro- 
vided, therefore a 330 to 3. 3k£2 resistor will be necessary, 
depending on the amount of stray capacitance on the TTL^ 
line. A maximum of 8 PWS727s or PWS728s can be con- 
nected without the use of an external TTL buffer. Connect 
the TTL out of a master unit to the TTL^ of the slave units. 

An Enable pin is provided so that the driver can be shut 
down to minimize power use if required. A TTL low applied 
to the pin will shut down the driver within one cycle 
(1.25fis). A TTL high will enable driver outputs within one 
cycle. The TTL out will still have an 800kHz signal when a 
master driver is disabled, so other synchronized drivers will 
not be shut down. The pin can be left open for normal 
operation. 

The pin supplies power to the converter. The V D pin 
connects the power to the transformer through the internal 
overcurrent sense resister. The other end of the overcurrent 
sense resister is tied to +V W . A 0.3pF bypass capacitor must 
be connected to the V D pin to reduce the ripple current 
through the shunt resistor, otherwise false current limit 
conditions can occur due to ripple voltage peaks. During 
overload conditions the output drive shuts off for approxi- 
mately 80p.s, then turns back on for 20ps, resulting in a 25% 
power up duty cycle. If the overload condition still exists, 
then the output will shut off again. When the fault or the 
excessive load is removed, the converter resumes normal 
operation. 

The Sync pin can be used to synchronize the internal oscil- 
lator of an ISO 120 to the operating frequency of the con- 
verter. The Sync pin is connected directly to the secondary 
of the transformer, so an 800kHz square wave of twice the 
output magnitude is present. Minimum pc board trace length 
should be used to minimize loading the transformer. When 
making the connection to the ISO 120, a simple frequency 
divider circuit (see Figure 3) is necessary to match the 
400kHz nominal frequency required by the ISO 120. If this 
function is not used, leave the pin disconnected. 
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of the counter operation. 


FIGURE 1. Isolated Integrated A/D Conversion System Using Ratiometric Counting and Microprocessor Interface, Operating 
from a Single 5 V Supply. 



FIGURE 2. Regulated Output Using the Enable Pin to Cycle the Converter Output On and Off. 
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FIGURE 3. The PWS727 or PWS728 Can Be Used to Synchronize the ISO 1 20. The Output Sync Must be Divided by 2 and the 
TTL out Must Be Divided by 4. 
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BASIC OPERATION 

PC BOARD LAYOUT CONSIDERATIONS 

These converters have low output ripple so that standard 
layout methods are all that is necessary for good circuit 
performance. Bypass capacitors should be placed close to 
each device powered by the converters. To minimize the 
noise pickup by sensitive (12 bit resolution) circuits, a 10Q 
resistor can be placed in series with the isolated power 
traces. The resistor in conjunction with the bypass capacitor 
acts as a low pass filter, to minimize isolation amplifier 
PSRR related ripple voltage feedthrough. A k filter can also 
be used at the input (+V IN ) to minimize input supply ripple 
current. 

5V OPERATION 

With 5V operation (PWS728) the transformer winding ratio 
is 3:1, therefore generating much greater currents in the 
primary. The input ripple will be larger, so an input K filter 
will be necessary to isolate the supply noise from the rest of 
the circuit. For example, when the output load is ± 15mA 
the input current will be approximately 120mA. 

OUTPUT CURRENT RATING 

The PWS727 and PWS728 contain soft start circuitry to 
protect the FETs from high inrush currents during turn on. 
The internal input current limit is 250mA peak to prevent 
thermal overload of the MOSFETs. The maximum output 
current rating is ±30mA. Total current, which can be drawn 
from each isolation channel, is the total of the of the power 
being drawn from both the +V and -V outputs. For example, 
if one output is not used, then maximum current can be 
drawn from the other output. In all cases the maximum 
current that can be drawn from any individual channel is: 

( + ^out) + (~Iout) < ^OmA 

It should be noted that many analog circuit functions do not 
simultaneously draw equal current from both the positive 
and negative supplies. 

HIGH VOLTAGE TESTING 

Burr Brown Corporation has adopted a partial discharge test 
criterion that is similar to the German VDE0884 optocoupler 
standard. This method requires that less than 5pC partial dis- 
charge across the isolation barrier with 1200 Vrms 60Hz 
applied. This criterion confirms transient overvoltage (1.6 X 
750 Vrms) protection without damage to the PWS727 or 
PWS728. Lifetest results verify the absence of high-voltage 
breakdown under continuous rated voltage and maximum 
temperature. 


The minimum AC barrier voltage that initiates partial dis- 
charge above 5pC is defined as the “inception voltage”. 
Decreasing the barrier voltage to a lower level is required 
before partial discharge ceases and is known as “extinction 
voltage”. We have developed a package insulation system to 
yield an inception voltage greater than 1200 Vrms so that 
transient voltages below this level will not damage the iso- 
lation barrier. The extinction voltage is above 750 Vrms so 
that even overvoltage-induced partial discharge will cease 
once the barrier voltage is reduced to the rated value. 
Previous high voltage test methods relied on applying a 
large enough overvoltage (above rating) to break down 
marginal devices, but not so high as to damage good ones. 
Our partial discharge testing gives us more confidence in 
barrier reliability than breakdown/no breakdown criteria. 
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BURR-BROWN® 



PWS745 


ADVANCE INFORMATION 
SUBJECT TO CHANGE 


OSCILLATOR/DRIVER & TRANSFORMERS 


FEATURES 


• LOW POWER CONSUMPTION 

• COMPACT SIZE 

• EASE OF USE 

• DRIVES UP TO 8 DC/DC CHANNELS 

• 750V AC ISOLATION 

• OPTIONAL 5V TO ±15V AND 15V TO ±15Vsf 
TRANSFORMERS 

• COMPATIBLE WITH PWS740 AND RWS750 
COMPONENTS 

®0to+85°C 


APPLICATIONS 

• INDUSTRIAL CONTROL 

• PROCESS CONTROL 

• FACTORY AUTOMATION 

M GROUND LOOP ELIMINATION 


DESCRIPTION | 

The PWS745 provides driver and s witching FET s in a 
16-pin DIP package for use in multichannel jbC/Dfc 
converter applicationsf The switching MOSFETs are 
built into the driver to allow simple low cost assembly 
of the multichanrieLiconvefteri-lAdditionally the 
PWS745-1 is C^bld o^ operating; at 5 V and can bl| 
easily synchrohi&ediwith TTL level signals. The trans- 
formers are througfifhdle PC-board-mount versions Of 
the popular PWS750 surface mount design. The 
PWS745-2 is a 15 V to ±15V version, while the 
PWS745-4 is the 5\-1o ±15 version, 'i 


The small size is achieved by using the multiple chip 
transfer molding; process that has been successfully 
used with the IS0122P. The power components are 
mounted; directly on the copper lead frame, utilizing 
two pins for each die pad to maximize heat sink area. 
PWS745-1 may also be used in place of the PWS740-1 
jdr PWS750-1 drivers, where through-hole technology 
is required at the driver location. 


*V r 

Supply 



Gnd TTL, n TTLout EN Drive Gate 
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SPECIFICATIONS 


ELECTRICAL 

At V w =15 VDC, Output Load = ±15mA (PWS745-2) and T A = +25°C unless otherwise noted. 
Or V IN » 5 VDC, Output Load = ±12mA (PWS745-4) and T A = +25°C unless otherwise noted 


PARAMETER 

CONDITIONS 


TYP 

MAX 

UNITS 

PWS745-U OSCILLATOR/DRIVER 

Frequency: Internal Oscillator 

m N = ov 

550 

600 

650 

kHz 

External Oscillator 


800 

1200 

1600 

kHz 

Supply: 15V Operation 


10 

15 

18 

V 

5V Operation 


4.5 

5 

5.5 

V 

Current 

No Load 


10 


mA 


Max Load 


750 


mA 

Current Ripple 

C BYPAS3 S 1UF 


2.5 


mAp-p 

TTU, I* 



10 

nA 

k 



-1 


pA 

V H 


2 



V 

v. 




0.8 

V 

Frequency 


! :0.B- 


• :1.6 " 

MHz 

TTl^, IOL 




. iS 

mA 

Frequency 


iil$5° W 

60<k*i;& 

B§N|§ 

:|||||:,. kHZ 

PWS745-2 

Voltage Rated Continuous AC 60Hz 


X "§50 



Vrms 

100% Test <’> 

60Hz, Is, <5PC PD " • 

J 1200 



Vrms 

Barrier Impedance 



■ 10* II 6 


Oil pF 

Leakage Current at 60Hz 

. V, so = 240Vrms;:60HZ ; j 




pArms 

PWS745-4 

Voltage Rated Continuous AC 60Hz 


’ 750 ; :i : i" 



Vrms 

100% Test "> 

60Hr, Is, <5PC F>D ; 




Vrms 

Barrier Impedance 


\ 



n || pF 

Leakage Current at 60Hz 

llsx, \ v w '^;;iik6vii|pHz 41 




pArms 

TEMPERATURE RANGE 

Specification 


> . 


85 

°C 

Operation 


X iHlll 


85 

°C 

Storage 


\,:4P1I1 


85 

°C 


NOTES: (1) Tested at 1 .6 x rated, fail. on 5RC partial discharge leakage OJrrent On 5 successive pulses. 


PIN CONFIGURATION 


Top View Plastic 1 6 : Pin Dl^lJlX' 

: PWS745-1 


PWS745-2 

PWS745-4 


Gnd (T 

1 1 : 


1 1 

1] NC 





3 To 










D T 0 
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Isolated, Unregulated 
DC/DC CONVERTER COMPONENTS 


APPLICATIONS 


• 100% TESTED FOR HIGH-VOLTAGE 
BREAKDOWN 

• COMPACT-SURFACE MOUNT 

• MULTICHANNEL OPERATION 

• 5V OR 15V INPUT OPTIONS 


• INDUSTRIAL PROCESS CONTROL 
EQUIPMENT 

• GROUND-LOOP ELIMINATION 

• PC-BASED DATA ACQUISITION 

• VENDING MACHINES 


DESCRIPTION 

The PWS750 consists of three building blocks for 
building a low cost DC/DC converter. With them you 
can optimize DC/DC converter PC board layout or 
build a multichannel isolated DC/DC converter. All 
parts are surface mount, requiring minimal space to 
build the converter. The modular design minimizes the 
cost of isolated power. 

The PWS750-1U is a high-frequency (800kHz nomi- 
nal) driver that can drive N-channel MOSFETs up to 
the size of a 1.3A 2N7010. The recommended 
MOSFET for individual transformer drivers is the 
2N7008. The PWS750-1U is supplied in a 16-pin 
double-wide SO package. 

The PWS750-2U and PWS750-4U are split-bobbin 
wound isolation transformers using a ferrite core. 


They are encapsulated in plastic packages, allowing a 
high isolation voltage rating. 

The PWS750-3U is a high-speed monolithic diode 
bridge in a plastic 8-pin SO package. 

One PWS750-1U can be used to drive up to four 
channels (15V nominal operation). One PWS750-2U 
and PWS750-3U and two 2N7002 (surface mount) or 
2N7008 (TO-92) MOSFETs made by Siliconix are 
used per isolated channel. When a PWS750-4U is 
used as the transformer (5V input), then two TN0604s 
made by Supertex must be used, due to the higher 
currents of the primary (lower RDS on) and the lower 
V GS threshold. With 5V operation only one channel 
can be directly driven by the PWS750-1U (a simple 
FET booster circuit can be used for multichannel 
operation; see Figure 3). 


PWS750 SINGLE-CHANNEL CONNECTION i0pH (1 



+v PWS750-1U 

+VO— — Reference o „ 

T 1 T Comparator 


PWS750-2U 
si 1 4 


isagEmnsiBig 




TTL^ JTTL, n i 2N7008 ^ ^ 10 rf»> j 

r±r Typical Connection for i Duplicate for multichannel -J— i 

Internal Oscillator Operation | operation with PWS750-2U. " <-> -V Q o +v Q j 

NOTES:(1) User option. (2) Use TN0604 for 5V to ±15V operation. (3) Multichannel Operation. 
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SPECIFICATIONS 


ELECTRICAL 

At T a = 25°C; +V N = +15V; and 1^ => ±l5mA balanced loads unless otherwise noted. 


| PARAMETER 

CONDITIONS 

Hcrrsi 

TYP 

MAX 

UNITS | 

| PWS750-1U OSCILLATOR 1 

Frequency: Internal OSC 

ttl^ = ov 

725 

800 

875 

kHz 

External OSC 


1 


2.5 

MHz 

Supply: 15V Operation 


10 

15 

18 

V 

5V Operation 


4.5 

5 

5.5 

V 

T, T Drive Current 




50 

mApk 

T, T Drive Voltage, High 


3 


7 

V 

Low 




0.7 

V 

tt^.i m 



10 


nA 

*IL 



-1 


pA 

V.H 


2 




V, 




0.8 

■ 





15 


| PWS750-2U +V W TO ±V (HJT ISOLATION TRANSFORMER | 

ISOLATION 






Voltage Rated Continuous AC 60Hz 


750 



Vrms 

100% Test <'> 

60Hz, is, <5pC PD 

1200 



Vrms 

Barrier Impedance 



10«||8 


nil pF 

Leakage Current at 60Hz 

V eo = 240Vrms 


1 

1.5 

pArms 

Winding Ratio 

Primary/Secondary 


48/48 



| PWS750-3U DIODE BRIDGE I 

Reverse Recovery 

l F = l R = 50mA 


40 


ns 1 

Reverse Breakdown 

l n = lOOpA 

55 




Reverse Current 

V R = 40V 



1.5 


Forward Voltage 

l F = 100mA 



1.6 


| PWS750-4U +5V* to ilSV^ ISOLATION TRANSFORMER | 

ISOLATION 






Voltage Rated Continuous AC 60Hz 





Vrms 

100% Test «’> 

60 Hz, Is, <5pC PD 




Vrms 

Barrier Impedance 





n||pF 

Leakage Current at 60Hz 

V so = 240Vrms 




pArms 

Winding Ratio 

Primary/Secondary 





| TEMPERATURE RANGE | 

Specification 


0 

■MfH 

WM 

°C 

Operating 

Derated performance 

-40 



OQ 

Srorage 


^to 

HI 

K1 

°C 


NOTES: (1) Tested at 1.6 x rated, fall on 5pC partial discharge leakage current on five successive pulses at 60H2. 


PIN CONFIGURATIONS 


PWS750-1U PWS750-3U 



8-Pin DIP 
Surface Mount 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 18V 

Junction Temperature 150°C 

Storage Temperature -40°C to +85°C 

Lead temperature (soldering, SOIC, 3s) +260°C 

Max Load, Sum of Both Outputs (PWS750-2U, 4U) 60mA 


ORDERING INFORMATION 


PWS750- XU 

Basic Model Number — • T 

Components ' 

1U : High-Frequency Driver 

2U, 4U : Isolation Transformer 

3U : High-Speed Monolithic Diode Bridge 
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MECHANICAL 


U Package— 16-PlnSOIC 




wBmm 


■i 





OTTiTTi 



CJt 


T|. 



JBI 

■m 


EH 

EM 

EM 

EIRE 

EM 

HH 

EM 

EM 


irtT-fi 

:UI 

CM 

mm 


CEI 

H3I 

El 

E3I 

wfm 

EM 

EH 

EM 

CEM 

EEC 

to/rhM 

mm 

EM 

EM 

Em 

EZM 

H3H 

UTEM 

mm 

EM 

hOrfW 

mm 


EEFJIELM 

mm 


EM 


EM 

m 


EM 

i>K'M 

EM 

m 

EME 



eeei 

mm 

■EZZCH 

MMMQ3HI 

mm 


i 

i 


NOTE: Leads In true 

position within 0.01” 

(0.25mm) R at MMC 
at seating plane. 


U Package — 8-Pln Plastic DIP 




EMI 

■M9I 


EM 

EiM 


EM 

ITOIEI 

mm 

El 


EM 


BOB 

EM 

WVM 

PEE 

tWW 

B3I 

EM 

EBB 

CM 

EE1»ET 

191 

EM 

BEB 

EM 

ESTM 

mm 

MEBM 

EE0M3B 

■JMj 

besesci 

BE3MBI 


ES9 

tennil 

ESI 

EBBI 

ESI 

EM 

K7il 

b-An i 

EMI 

ra 

EM 

CEM 


FHcEE 


NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not 
be marked on 
package. 


U Package — 


Pin 1 Identifier 


8-Pin SOIC 


IrTn'n n 



Tf 

B, B 

JJ 


H 

1— s 

ITT 1 

1 

LdJL^ 


Li/t==nu 

a— L _P 


r~ 

INCHES 

IMliiiM 

EM 

hmm 

EM 

eee 

CM; 

la_ 

m 

■UtM 

EESE 

EDI 

\mm 

EBB 

EM 


EM 

B 

tna 

mim 

imm 

PE 

Bi 

CEB 

CEEB 

EM 

EEM 

C 

EM 

CEEB 

KIM 

EMI 

D 

BUM 

EM 

wxm 

mm 

IBB 

Em 

WEEMmi 

EM 

EM 

EM 

EM 

EM 

m 

EM 

EM 

ptm 

USM 

LkZ 

&s-<M 

EMI 

EM 

EM 

n 

op 

EIM 

OP 

EM 

sm 

EM 

EM 

ESM 

EM 


NOTE: Leads in true 
position within 0.01" 
(0.25mm) Rat MMC 
at seating plane. 


Burr-Brown IC Data Book Supplement, Vol. 33b 


4-73 


ISOLATION PRODUCTS Q PWS750 







Efficiency (%) ±v out (V) input (V) 
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TYPICAL PERFORMANCE CURVES 


T a - +25°C, V w - 15VDC, l L0AD ■ ±15mA unless otherwise noted. 


PWS750-4U LINE REGULATION 




10 12 14 16 18 


± v ou T (V) 


±Vout(V) 



0 5 10 15 20 25 30 

Load (mA) 



0.1 0.2 0.4 0.6 0.8 1 

Filter Capacitance (pF) 


80 

70 

60 

50 

40 

30 

0 5 10 15 20 25 30 


EFFICIENCY/LOAD CURVE 


PWS 

P50-4U 

s' 


7> 



7 

/ 



X 


/ 



4Chs 

pws; 

innel 
^50-1 U 

/ 

/ 

X 

PWS7! 

50-2U 



1 

L 







1 1.5 2 2.5 


Load Current (±mA) 


Synchronization Frequency (MHz) 
(■ Twice the FET Drive Frequency) 


4-74 


Burr-Brown IC Data Book Supplement, Vol. 33b 



Or, Call Customer Service at 1-800-548-6132 (USA Only) 


TYPICAL PERFORMANCE CURVES (CONT) 

T a » +25°C, V w = 15VDC, » ±15mA unless otherwise noted. 



-25 0 25 50 75 100 

Temperature (°C) 


THEORY OF OPERATION 

The PWS750 components are basic building blocks to be 
used with other standard components to build an isolated 
push-pull DC/DC converter. The oscillator runs at 800kHz 
nominal, making it possible to reduce the size of the trans- 
former and lower the output ripple voltage. 

PWS750-1 U OSCILLATOR PIN FUNCTIONS 

TTL^ is used to control the driver frequency with an 
external TTL level frequency source. The input frequency 
must be twice the desired driver frequency, since there is an 
internal divide-by-2 circuit to produce a 50% duty cycle 
output. The input duty cycle can vary from 12% to 95% (see 
Typical Performance Curves). When in the free running 
mode, the TTL^ pin must be tied to ground. 

TTLour is used when it is desired to synchronize the outputs 
of multiple PWS750-lUs to minimize beat frequency prob- 
lems. A standard open collector output is provided, therefore 
a 330£2 to 3.3kQ pull-up resistor will be necessary depend- 
ing on stray capacitance on the sync line. A maximum of 
eight PWS750-lUs can be connected without the use of an 
external TTL buffer. 

An Enable pin is provided so that the driver (T, T) can be 
shut down to minimize power use if required. A TTL low 
applied to the pin will shut down the driver within one cycle. 
A TTL high will enable the driver within one cycle. The 
TTL out will still have an 800kHz signal when a master 
driver is disabled, so other synchronized drivers will not be 
shut down. The pin can be left open for normal operation. 

The +V, N pin supplies power to the oscillator. The V D pin 
connects the power to the transformer through the internal 
overcurrent sense resistor. The other end of the overcurrent 
sense resistor is tied to +V W . A 0.3jiF bypass capacitor must 
be connected to the V D pin to reduce the ripple current 
through the shunt resistor; otherwise false current limit con- 
ditions can occur due to ripple voltage peaks. 
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MOSFET 

MAX DRIVE CURRENT 

PACKAGE 

BREAKDOWN 

TN0604 

4A 

TO-92 

40V 

2N7002 

115mA 

SO-T23 

60V 

2N7008 

500mA 

TO-92 

60V 

2N710 

1.3A 

TO-237 

60V 

2N7012 

1.2A 

4-Pin DIP 

60V 


TABLE 1. MOSFET Selector Guide. 


During overload conditions the output drive shuts off for 
approximately 80ps, then turns back on for 20|is, resulting in 
a 25% power up duty cycle. If the overload condition still 
exists, then the output will shut off again. When the fault or 
the excessive load is removed, the converter resumes normal 
operation. 

The T and T pins are the complementary FET drive outputs 
and are tied directly to the corresponding FET gate. The con- 
nection must be as short as possible. For multiple channel 
operation they cannot be located above any ground or power 
planes, because capacitive loading will not allow fast enough 
charging of the FET gate. 

PWS750-2U AND PWS750-4U 
TRANSFORMER PIN FUNCTIONS 

On the primary side the V D pin of the PWS750-2U is tied 
directly to the V D pin of the PWS750-1U. Remember to 
place a 0.1 jiF capacitor as close to the PWS750-2U V D pin 
as possible. The T 0 and T 0 pins are connected to the drains 
of the corresponding FETs, whose sources are connected to 
ground. On the secondary side of the transformer, the Gnd 
pin is tied directly to the isolated ground. AC pins are 
800kHz square wave signals at twice the output voltage, and 
are connected directly to the corresponding pin on the 
PWS750-3U. Pins 2 and 4 can be interchanged for ease of 
hook up. The connection to the diode bridge must be as 
direct as possible to minimize radiated noise. 

PWS750-3U HIGH SPEED 
DIODE BRIDGE PIN FUNCTIONS 

The AC pins are tied directly to the AC pins of the PWS750- 
2U. The +V and -V pins are rectified output voltages. The 
filter capacitors must be located as close as possible to these 
pins to minimize series inductance and therefore noise. 
Bypass capacitors will be needed at each device in the 
circuit. 
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FIGURE 1. Isolated Integrating A/D Conversion System Using Ratiometric Counting and Microprocessor Interface. 
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BASIC OPERATION 

SINGLE CHANNEL OPERATION, 

PC BOARD LAYOUT CONSIDERATIONS 

A simple two-layer board can be used on single channel 
applications to create a DC/DC converter with low radiated 
noise. A ground plane should be located directly under both 
the input and the output components for optimum ground 
return paths. The surface mount components make it easy to 
design with a ground plane. The output filter capacitors 
should be located as close to the PWS750-3U as possible. A 
sample layout is shown in Figure 2. 

For multiple channel applications, T and T traces must have 
minimum capacitive loading. Therefore, there should be no 
ground plane (or power plane) under these two traces. The 
driver signal is a 4-6V low current 800kHz signal, which 
will generate little radiated noise if the traces are kept short. 

To minimize the noise pickup for sensitive 12-bit resolution 
circuits, place a 10£2 resistor in series with the isolated 
power traces. The resistor, in conjunction with the bypass 
capacitor, acts as a low pass filter to minimize isolation 
amplifier PSRR-related ripple voltage feedthrough. A pi 
filter with a lOpH inductor can also be used at the input 
(+Vin) to minimize input supply ripple current; see Figure 1 . 

MULTIPLE CHANNEL OPERATION 

The oscillator can drive up to four-channels (eight FETs) di- 
rectly when operating at 10- 18V. A 100 resistor must be 
placed in series with T and T to stabilize the FET gate 
charging. For more than four-channel operation, or 5V- 
multiple-channel operation, the driver circuit needs a FET 
booster circuit, as shown in Figure 3. Large gate drive surge 
currents (>100mA) are needed to turn on the gates. 


FIGURE 3. MOSFET Driver Booster Circuits. 


If the total output current drawn by all the channels exceeds 
250mA, then it will be necessary to circumvent the current 
limit circuit by leaving the V D pin of the PWS750-1U open, 
and connect the V D pin of the PWS750-2U directly to the 
supply. 

5V OPERATION 

With 5V operation, the transformer winding current ratio is 
3:1, therefore generating much greater currents in the pri- 
mary. The input ripple voltage will be larger, so an input pi 
filter will be necessary to isolate the converter noise from the 
rest of the circuit. For example, when the output is ±15mA 
the input current will be at least 120mA. 

OUTPUT CURRENT RATING 

The PWS750-1U oscillator contains soft start circuitry to 
protect the FETs from high inrush currents during turn on. 
The internal input current limit is 250mA peak to prevent 
thermal overload of the MOSFETs. The maximum output 
rating is ±3 0mA. Total current, which can be drawn from 
each isolation channel, is the total of the power being drawn 
from both the +V and -V outputs. For example, if one output 
is not used, then maximum current can be drawn from the 
other output. In all cases the maximum current that can be 
drawn from any individual channel is: 

^our* ^out^ ^ 60mA 

It should be noted that many analog circuit functions do not 
simultaneously draw equal current from both the positive 
and negative supplies. 

When multiple channel operation is used, the maximum 
current of all channels must be reduced to prevent the over- 
current limit to trip. Alternately, bypass the overcurrent by 
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leaving the V D pin of the PWS750-1U open and connecting 
the V D pin of the PWS750-2U directly to the supply. 

HIGH VOLTAGE TESTING 

Burr-Brown Corporation has adopted a partial discharge test 
criterion that conforms to the German VDE0884 optocou- 
pler standard. This method requires that less than 5pC partial 
discharge crosses the isolation barrier with 1200Vrms 60Hz 
applied. This criterion confirms transient overvoltage (1.5 X 
750Vrms) protection without damage to the PWS750-2U or 
PWS750-4U. Life test results verify the absence of high 
voltage breakdown under continuous rated voltage and 
maximum temperature. 


The minimum AC barrier voltage that initiates partial dis- 
charge above 5pC is defined as the “inception voltage.” 
Decreasing the barrier voltage to a lower level is required 
before partial discharge ceases; this is known as “extinction 
voltage.” We have developed a package insulation system to 
yield an inception voltage greater than 1200Vrms so that 
transient voltages below this level will not damage the iso- 
lation barrier. The extinction voltage is above 750Vrms so 
that even overvoltage-induced partial discharge will cease 
once the barrier voltage is reduced to the rated value. 
Previous high voltage test methods relied on applying a 
large enough overvoltage (above rating) to break down 
marginal units, but not so high as to permanently damage 
good ones. Our partial discharge testing gives us more 
confidence in barrier reliability than breakdown/no break- 
down criteria. 



FIGURE 4. Four-Channels of ±10V Signal Isolation with Channel-to-Channel Isolation. 
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FIGURE 6. A PWS750 Driver Can Be Used to Boost the Input Voltage to 15V to Power a PWS726 From a 5V Supply. 
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FIGURE 7. Powering the Internally Powered ISO 103 Isolation Buffer From a Single 5V Supply. Two Power Channels Are 
Necessary to Provide the 80mA Nominal for the +V of the ISO 103. 



FIGURE 8. 1500V AC Isolation Using PWS740-2 Transformer. 
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ANALOG CIRCUIT FUNCTIONS 


Analog circuits act as building blocks with which to perform a variety of 
instrumentation, computation, and control functions. They provide a broad 
range of versatile, proven, and ready to use computational functions for the 
designer to use in developing simple or complex systems. The analog circuit 
functions include multipliers, dividers, multifunction converters, true rms-to- 
DC converters, logarithmic amplifiers, voltage and window comparators, 
peak detectors, precision oscillators, and filters. The multifunction converters 
also provide multiply, divide, square root, exponentiation, roots, sine, cosine, 
arctangent, vector magnitude rms-to-DC and logarithmic amplifier func- 
tions. 

The availability of these relatively complex functions as precise, versatile, 
easy-to-use, low-cost building blocks has broadened the scope of practical 
analog circuit systems and greatly simplified analog circuit designs. The 
names of most analog circuit functions are self-explanatory and describe the 
main functions they perform. 

The functions are used mostly for processing and/or conditioning of analog 
signals, and for simulation of algebraic and/or trigonometric analog compu- 
tations. The variety of applications these functions are effectively used for is 
limited only by the designer’s creative imagination. Some of the interesting 
applications for which analog circuit functions have found wide acceptance 
are listed in the table on the following page. 
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Types of Application 
Analog simulation 

Algebraic and trigonometric computations 
Power series approximation, function fitting and 
linearizing 

Analog wave shaping 

VCO and AGC applications 
Vector computation 
Power and energy measurements 
Modulation and demodulation 
Signal compression 
Log-antilog-log ratio computations 
Light-related measurements 
Analog signal conditioning 
Instrumentation and control systems 
Test equipment 
Transducer excitation 
Signal reference 
Alarm circuits 

Bang-bang control applications 

Control of limit stops 

Analog memory and peak detection 


Recommended Analog Circuit Function 


Multiplier, Divider, Multifunction Converter, Logarithmic Amplifier, 
Oscillator 


Multiplier, Divider 

Multifunction Converter, Multiplier 

Multiplier, rms-to-DC Converter 

Multiplier, Divider 

Logarithmic Amplifier 

Logarithmic Amplifier 

Logarithmic Amplifier 

All circuit functions 

Ail circuit functions 

All circuit functions 

Oscillator 

Oscillator 

Voltage and Window Comparators 
Voltage and Window Comparators 
Voltage and Window Comparators 
Peak Detection 


ANALOG CIRCUIT FUNCTIONS 
SELECTION GUIDES 

The Selection Guides show parameters for the high grade. Refer to the Product 
Data Sheet for a full selection of grades. Models shown in boldface are new 
products introduced since publication of the previous Burr-Brown IC Data 
Book. 

MULTIPLIERS/DIVIDERS 

You can select accuracy from 0.25% max and up from this complete line of 
integrated circuit multipliers. Most provide full four-quadrant multiplication. 
All are laser-trimmed for accuracy — no trim pots are needed to meet specified 
performance. These compact models bring the cost of high performance down 
to acceptable levels. 
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MULTIPLIERS/DIVIDERS 







Boldface = 

:NEW 

Model 

Transfer Function 

Error at 
+25°C 
max (%) 

Temp 

Coeff 

(%/°C) 

Feed- 

through 

(mV) 

Offset 

Voltage 

(mV) 

1% 

BW 

(kHz) 

Temp 

Range (1> 

Pkg 

Page 

No. 

MPY100 

[(X,-X s )(VY 2 )/10] + Z 2 

±0.5 

0.008 

30 

7 

70 

Ind 

TO-100 

5-26 

MPY534 

l(X-X 2 )(Y r Y 2 )/10] + Z 2 

±0.25 

0.008 

0.05% 

2 

3MHz 

Com 

TO-100 

5-34 

MPY600AP 

[<X 1 -X 2 )(Y 1 -Y 2 )/2] + Z 2 

±0.25 

0.02 

2 

5 

10MHz 

Ind 

DIP 

S5-25 

MPY634M 

[(X r X 2 )(Y r Y 2 )/10J + Z 2 

±0.5 

0.015 

0.15% 

2 

10MHz 

Ind 

TO-100 

5-41 

MPY634P, U 

I(X,-X 2 ) (Y ,-Y 2 ) /1 0] + Zj 

±2.0 

0.03 

0.3% 

25 

10MHz 

Ind 

DIP.SOIC 

5-41 

AD632 

((X,-X 2 ) (Y,-Y. 2 ) /10] + Z, 

±0.5 

0.01 

0.15 

15 

50 

Ind 

TO-100 

5-6 


NOTE: (1) Com - 0°C to +70°C, Ind = -25°C to +85°C. 


SPECIAL FUNCTIONS 

This group of models offers many different functions that are the quick, easy 
way to solve a wide variety of analog computational problems. Most are in 
integrated circuit packages and are laser-trimmed for excellent accuracy. 


SPECIAL FUNCTIONS 


Function 

Model 

Description 

Comments 

Temp 

Range (1) 

Pkg 

Page 

No. 

Multifunction 

Converter 

4302 

Y (Z/X) m 

This function may be used to multiply, 
divide, raise to powers, take roots 
and form sine and cosine functions. 

Plastic Package. 

Ind 

DIP 

5-109 


LOG100 

KLogO/y 

Optimized for log ratio 
of current inputs. 
Specified over six dec- 
ades of input (InA to 

1 mA), 55mV total error, 
0.25% log conformity. 

Com 

DIP 

5-18 

Logarithmic 

Amplifier 

4127G 

K Log (l,/l REF ) 

A more versatile part 
that contains an inter- 
nal reference and a 
current inverter. 1% 
and 0.5% accuracy. 

Com 

DIP 

5-102 

/-LjY 
V T 0 « 

4341 

(t )dt 

True rms-to-DC conversion based 
on a log-antilog occupational 
approach. Pin compatible with 4340. 

Some external trim- 
ming required. Lower 
cost in plastic package. 

Ind 

DIP 

5-115 

High Speed 
Window 
Comparator, 
ATE Pin 
Receiver 

CMP100 

A dual comparator with high 
common-mode input range. Latched 
ECL outputs, ±5V supplies. 

Propagation delay: 5ns, Ind 
max for IQOmV overdrive 

DIP, SOIC S5-14 

Switched 

Integrator 

ACF2101 

This is a dual, integrating, Includes HOLD and 

transimpedance amplifier that RESET switches and 

converts an input current to an output multiplexer, 

output voltage by integrating the 
current for a user determined period v _ _! f j 

of time. Eliminates large feedback out cJ in 

resistor of traditional 1 to V converters. 

Ind 

DIP 

S5-6 


NOTE: (1 ) Com = 0°C to +70°C, Ind - -25°C to +85°C. 
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DIVIDERS 

Using a special log/antilog committed divider design overcomes the major 
problem encountered when trying to use a multiplier in a divider circuit. 
Outstanding accuracy is maintained even at very low denominator voltages. 


DIVIDERS 

Model 

Transfer 

Function 

Input 

Range 

Accuracy 

D = 250mV 
max (%) 

Temp 

Coeff 

(%/°C) 

0.5% 

BW 

(kHz) 

Rated 

Output, min 

Temp 

Range<’> 

Pkg 

Page 

No. 

DIV100P 

IOxN/D 

250mV 
to 10V 

0.25 

0.2 

15 

±10V, ±5mA 

Ind 

DIP 

5-10 


NOTE: (1 ) Ind - -25°C to +85°C. 


FREQUENCY PRODUCTS 

This group of products consists of precision oscillators and active filters for 
both signal generation and attenuation. Both fixed frequency and user- 
selected frequency units are available. 


FREQUENCY PRODUCTS 



Boldface 

= NEW 

Function 

Model 

Description 

Comments 

I 

ti 

Page 

No. 

Oscillator 

4423 

Very low cost in plastic package. 
Provides resistor-programmable 
quadrature outputs (sine and 
cosine wave outputs simultan- 
eously available). 

Frequency range: 0.002Hz to 20kHz. 
Frequency stability: 0.01 %/°C. 
Quadrature phase error: ±0.1%. 

Com 

DIP 

5-119 

Universal 

UAF42 

These filters provide a complex 

Add only resistors to determine pole 

Ind 

DIP 

S5-45 

Active 

UAF41 

pole pair. Based on state variable location (frequency and Q). Easily 

Ind 

DIP 

5-82 

Filter 

UAF21 

approach, low-pass, high-pass, 
and bandpass outputs are 
available. 

cascaded for complex filter responses.lnd 

DIP 

5-74 


NOTE: Com * 0°C to +70°C, Ind = -25°C to +85°C. 
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VOLTAGE REFERENCE 

These products are precision voltage references that provide a +10V output. 
The output can be adjusted with minimal effect on drift or stability. 


VOLTAGE REFERENCE 






Boldface 

= NEW 

Model 

Output (V) 

Min Output 
(ntA) 

Max Drift 
(ppm/°C) 

Power Supply 
(V) (mA) 

Temp 

Range (1) 

Pkg 

Page 

No. 

REF10M 

±10.0010.005 

10 

1 

+13.5/35 

4.5 

Com 

TO-99 

5-49 

REF101M 

±10.0010.005 

10 

1 

+13.5/35 

4.5 

Com 

TO-99 

5-55 

REF102M 

±10.00 10.0025 

10 

2.5 

+11.4/36 

1.4 

Ind, Mil 

TO-99 

S5-37 

REF102P, U 

±10.0010.005 

10 

5 

+11.4/36 

1.4 

Ind 

DIP, SOIC 

S5-37 

NOTE: (1) Com 

d 

o 

O 

s 

o 

p 

o 

Ind - -25°C to +85°C, Mil - -55°C to +1 25°C. 






CURRENT REFERENCE 





Boldface 

= NEW 

Model 

Output 1 
(HA) 

Max Drift 
Compliance 

(ppm/°C) 

Comments 

Temp 

Range (1) 

Pkg 

Page 

No.| 

REF200M, P, 
U 

Dual 

10010.5 

2.5V to 40V 

25 

Includes 0.5% accurate 
current mirror 

Ind 

DIP, 

TO-99, 

SOIC 

5-63 1 
5-63 
5-63 


NOTE: (1) Ind - -25°C to +85°C. 


Burr-Brown IC Data Book Supplement , Vol. 33b 


5-5 


ANALOG CIRCUIT FUNCTIONS 











For Immediate Assistance, Contact Your Local Salesperson 


BURR-BROWN 0 



ACF2101 


ADVANCE INFORMATION 
SUBJECT TO CHANGE 


Low Noise, Dual 
SWITCHED INTEGRATOR 


FEATURES 

• INCLUDES INTEGRATION CAPACITOR, 
RESET AND HOLD SWITCHES, AND 
OUTPUT MULTIPLEXER 

• LOW NOISE: lOpVrms 

• LOW CHARGE TRANSFER: 0.1 pC 

• WIDE DYNAMIC RANGE: 120dfe 

• LOW DROOP: 2nV/ps 


^PLICATIONS 

• CURRENT TO VOLTAGE CONVERSION 

• PHOTODETECTOR INTEGRATOR 

• CURRENT INTEGRATOR 

• CT SCANNER FRONT END 

li plidlrOMETRIC MEASUREMENTS 

*iiSiDicAi4l^^ 

INSTR UMENTAItON r 


DESCRIPTION 

The ACF2101 is a duat switched integrator for preci- 
sion applications . Each channel can conveitan inpuyjk 
current to an ^tput^|i|||ttage by : integration, using . .. 
either an internal OT exte^al capacitor. Included pn the 
chip a^iprecision lOQpF integration capacitors, hold ; ^ 

and re&lswitches, and output multiplexers. 

As a complete circuit on a single chip, the ACF2101 • 
eliminates many of the problems commonly: encoun- ... 
tered in discrete designs, such as leakage curiei^eiT^^^^^ 
and noise pickup. The integrating approach can pro- 
vide lower noise than conventional transimpedance 
amplifier designs and also eliminates the needior high 
performance, high value feedback resistors. in 

The extremely low bias"i^^idKihd lownblse of the 
ACF2 101’s Difef® amplifiers, along with active laser Sw in 
trimming of both ! offset and drift, assure precision 
current to voltage conversion. 

Although designed for +5Vr-15V supplies, the Com 
ACF2101 can be operated on supplies up to ±18VDC. 

It is available in both 24-pin plastic DIP and SOIC 
package. 

Dlfef* Burr-Brown Corp. 





V+ Gnd V- 


Intemat tonal Airport Industrial Park • Mailing Address: P0 Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602)746-1111 • TWx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 869-1510 • Immediate Product Info: (800) 548-6132 


Burr-Brown IC Data Book Supplement , Vol. 33b 







Or, Call Customer Service at 1-800-548-6132 (USA Only) 


SPECIFICATIONS 


ELECTRICAL 

T a - +25°C, V+ - +5V, V- - -15V. Internal C - lOOpF. 




ACF2101BP, BU 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

| ANALOG INPUT | 

INPUT RANGE 

Input Current Range 


■ 




Switched Input 


1"' 


+100 

pA 

Direct Input 




+1 

mA 

INPUT IMPEDANCE 

Switched Input 






Hold Switch OFF 



100 


G a 

Hold Switch ON 



2 


kfl 

Direct Input 



Virtual Ground 



HOLD SWrTCH VOLTAGE 

Hold Switch Withstand Voltage 

Hold Switch OFF 

Is, 0 


Ifftfeioo 

mV 

OFFSET VOLTAGE 

Input Offset Voltage 




±2 

mV 

Average Drift 





? pV/°C 

| DIGITAL INPUTS | 

Logic Family 







V w (Logic 1 » Switch OFF) 


2 


. “ 5.5 


V. (Logic 0 = Switch ON) 


-0.5 v 


^ 0.8 


:: v :; 

• XX. V M = +5V ML'S 


2 



*«. \ 

> 

o 

n 

& 


mow 



Switching Speed 






Switch ON 



too 


ns 

Switch OFF 



100 


ns 

| TRANSFER CHARACTERISTICS I 

TRANSFER FUNCTION 


V = - 1/cfl dt 

OUT J IN 

V 

DYNAMIC CHARACTERISTICS 

Integrate Mode ' V 

Slew Rate 

Reset Mode 


1 



V/ps 

Slew Rate 



5 


V/ps 

Settling Time to 0.01 %FSR • 

10V Step X 


3 


PS 

Overload Recovery 

Output Multiplexer (Select Switches) 

= : Positive or Negative 


1 


ps 

Settling Time to 0.01%FSR 

= C tw < lOOOpF 


5 


ps 

Settling Time to 0.01%FSR 

XilX#- < 100pF 


1 


ps 

INTEGRATION CAPACITOR (Q 

Internal Capacitor 






Value v.. ' 



100 


PF 

Accuracy ... X. XiiiiiX 



0.5 

2 

% 

Temperature Coefficient 



20 


ppm/°C 

Memory 



50 


ppm of FSR* 1 * 

RESET SWITCH ’’ 

Impedance % . . 






Reset OFF 



100 


GO 

Reset ON 



2 


Ml 

MODES OF OPERATION 

Switch 

Hold Reset 





Integrate Mode 

ON OFF 





Hold Mode 

OFF OFF 





Reset Mode 

ON/OFF ON 





(Logic 1 = OFF, Logic 0 = ON) 
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ELECTRICAL (CONT) 

T a - +25°C, V+ . +5V, V- - -15V, internal C - lOOpF. 




ACF2101BP, BU 


PARAMETER 

CONDITIONS 

mom 

TYP 

MAX 

UNITS 

| OUTPUT | 

Voltage Output Range 


+0.1 


-10 

V 

Current Output. Direct Output 

Short Circuit Current 



±5 


mA 

Direct Output 



±25 


mA 

Switched Output 

Output Impedance 



±5 


mA 

Direct Output 

Switched Output 



0.1 


a 

Select Switch ON 



250 || 5 


mipF 

Select Switch OFF 

Load Capacitance Stability 



100 || 5 


GO || pF 

Direct Output 



500 


PF 

Switched Output 



Any 


PF 

| OUTPUT ACCURACY 1 

Nonlinearity 




0^1 

%FSR 

Channel Separation 

8W « 0.1 Hz to 2kHz . 


.. 


dB 

Op Amp Bias Current 



I:::!;:, : ; l : : ? 


fA 

Hold Mode Droop 



: 2 '--.I. 

.V. 10 

nV/ps 

Integrate Mode Droop 

Voltage Offset 



2 

III 10 

nV/ps 

Value 



• .. 1 


mV 

Temperature Coefficient 



1 


pV/°C 

Power Supply Rejection : 

= V*fe+5V tO +18V, -10V tO -18V " 


100 


dB 

OUTPUT NOISE 2 ' 

Total Output Noise' 3 ' 

BW» 0.1Hz to 1QH* • 


Si 


pVrms 

Integrate Mode' 4 ' ' " ■ 

BW . 0.1 Hz to 256®;;*;::.,. 


«!9(1+<VC) 


pVrms 

Hold Mode 

BW . 0.1 Hz to 250kH* 


10 


pVrms 

Reset Mode 

BW» 0.1 H* to 250kHz . 


10 


pVrms 

CHARGE TRANSFER ERRORS'* . 1 Ik 

Reset to Integrate Mode'* 






Charge Transfer 



0.1 


PC 

Charge Transfer TC . 



0.1 


fC/°C 

Charge Offset Error 



1 


mV 

Charge Offset TC ' 

Integrate to Hold Mode 



1 


pV/°C 

Charge Transfer 



0.1 


pC 

Charge Transfer TC \ 



0.1 


fC/°C 

Charge Offset Error 



1 


mV 

Charge Offset TC lllik 

Hold to Integrate Mode 



1 


pV/°C 

Charge Transfer 



0.1 


PC 

Charge Transfer TC 



0.1 


fC/°C 

Charge Offset Error 



1 


mV 

Charge Offset TC 



1 


pV/°C 

POWER SUPPLY | 

Specified OperatbwIVoltagiBk^^^^^^. 

Operating Voltage Range 



+5. -15 


V 

Positive Supply 


+4.5 


+18 

V 

Negative Supply 

Current . 


-10 


-18 

V 

Positive Supply 

For Dual 


12 

15 

mA 

Negative Supply 

For Dual 


3 

4 

mA 

TEMPERATURE RANGE f 

Specification 


-40 


+85 

°C 

Operation 


-40 


+125 

°C 

Storage 


-40 


+125 

°C 

Thermal Resistance 

Junction to Ambient 


40 


°C/W 


NOTES: (1) FSR is Full Scale Range = 10V (0 to -10V). (2) Total noise Is rms total of noise for the modes of operation used. (3) Includes noise from all modes 
of operation. (4) C w « capacitance of sensor connected to ACF2101 input; C = integration capacitance. (5) Errors created when the internal switches are driven 
from one mode to another. (6) The charge transfer is 0.1 pC; for an integration capacitance of 100pF, the resultant charge offset voltage error is ImV. 


ORDERING INFORMATION 


MODEL 

PACKAGE 

SPECIFIED TEMP. RANGE 

ACF2101BP 

ACF2101BU 

Plastic DIP 

Plastic SOIC 

-40°C to +85°C 
-40°C to +85°C 
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Ml ii'il ' Hi " 11 In i 

1 — 1 

MmwgMMzmwEmwim 

jjjjjg h l| 1 II BEUEEimi 

15311 

Bii^iii'<iiiian: | i 

WmWLMMEMWSMWHjM 


NOTE: Leads In 
true position within 
0.01" (0.25mm) R 
at MMC at seating 
plane. Pin 
numbers shown 
for reference only. 
Numbers may not 
be marked on 
package. 


UalililililHIililfilali 


uu 


ABSOLUTE MAXIMUM RATINGS 


SUpply ..... 

±18V 

Input Current * 


Output Short Circuit Duration .«,<<♦, 


Power Dissipation 

£ 500mW 

Operating Temperature 

-40°C to +125°C 

Storage Temperature 

-40°C to +125°C 

Junction Temperature 


Lead Temperature (soldering, 10s) 

+300°C 
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PIN CONFIGURATION 


Top View « — 

LL 

Sw In B 

Sw In A 

5flB| 


InB 

In A 

r 

E 

Cap B 

Cap A 


E 

Com B 

Com A 

!■ 

E 

Gnd B 

Gnd A 


E 

Out B 

Out A 

BlUl 

E 

Sw Out B 

Sw Out A 


E 

Sw Com B 

Sw Com A 

m I 

E 

Select B 

Select A 


E 

Reset B 

Reset A 

iM 


Hold B 

Hold A 

mBM 


V- 

y+ 

111111 

mKSSm 


APPLICATIONS INFORMATION 

BASIC CIRCUIT CONNECTION ft, 

Basic Layout • • 

As with any precision circuit, careful layout will ensure best 
perfoimance;sMake shorii;;direct interconnections and avoid; 
stray wiring capacitance — especially at the analog and digi- 
tal input pins. 

Figure la illustrates the basic connections needed for opera- 
tion. Figure lb illustrates the addition of external integration; 
capacitors and input guards. 

Leakage currents between printed circuit ; board tiaces can 
easily exceed the input bias current of the ACF2101. A 
circuit board “guard” pattern reduces leakage effects by 
surrounding critical high impedance input circuitry with a 
low impedance circuit connection at the same potential. 
Leakage will flow harmlessly to the low impedance node. 
Figure 3 shows a printed circuit pattern that can be used to 
guard critical pins. Note that traces leading to these pins 
should also be guarded* 

Improper handling or cleaning may increase droop. Con- 
tamination from handling parts and circuit boards can be 
removed with cleaning solvents and de-ionized water. 

Power Supplies 

The ACF2101 can operate from supplies that range from 
+4.5V and -10V to ±18V. Since the output voltage inte- 
grates negatively from ground, a positive supply of +5V is 
sufficient to attain specified performance. Using +5V and - 
15V power supplies reduces power dissipation by one-half 
of that at ±1 5 V. 



FIGURE la. Basic Circuit Connections. 


Power supply connections should be bypassed with good 
high-frequency capacitors, such as l|iF solid tantalum ca- 
pacitors, positioned close to the power supply pins. 
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MOOES OF OPERATION 

The three basic modes of operation of each integrator are 
controlled by the Hold and Reset switches. In Integrate 
mode, the output voltage integrates negatively toward -10V. 




V- ' Optional External cF&t v+ 

,;dr" These points mustb© connected to a 
. . common ground point or a ground plane. 


FIGURE lb. Circuit inflections with External Capacitors 
and Guarding* 



FIGURE 2. Switch Control Lines on One Channel of Two 
in ACF2101. 


In Hold mode, the output voltage remains at the present 
value, except for output droop. In Reset mode, the integra- 
tion capacitor is discharged and the output voltage is driven 
to analog common. See Figure 4. 





FIGURE 3, PC Board Layout Showing “Guard” Traces for 
Input. Both top and bottom of board should be 
guarded. 



FIGURE 4. Modes of Operation. 
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SWITCHES 

Each integrator includes four switches: a Hold switch, a 
Reset switch, and two output Select switches. See Figure 2. 

Hold and Reset Switches 

The Hold switch is intended for low voltage applications, 
and care must be taken to insure that no more than lOOmV 
are applied across the switch when it is in the off state. To 
use the Hold switch, connect the input current to the “Sw In” 
pin. The Hold switch disconnects the input current, and 
holds the output voltage at a fixed level. For direct input, 
connect the input current to the “In” pin that bypasses the 
Hold switch and connects directly to the input summing 
junction. If the Hold switch is not used, the switch should be 
in the off mode and the “Sw In” pin should be connected to.. ; - 
analog common. 

The Reset switch is used to discharge the integration capaci- 
tor before the start of a new integration period. ... 

Select Switches 

The two Select switches can be used to multiplex the outputs 
when multiple integrators are connected to a common bus;! 
Figure 5 shows a number of ACF2 1 0 1 s multiplexed together 
into an A/D converter.The output settling time is determined 
by the Select switch “on” resistance of 2500 and the total 
output capacitance. The total output capacitance includes the 
ACF2101 output capacitances plus the capacitance of the 

interconnections to the iA^. converter; l|b. 

OUTPUT VOLTAG& S ^ 

The integrator output voltage range is from +0.1 V to -10V, 
The output voltage (Yout) can be calculated ^illl|| : . 


V 0UT = the maximum output voltage (in volts) 

C = the integration capacitance (in farads) : 
i,N = the input current (in amperes) 

At = the integration time (in secdnids); : 

Examples of Component Vaitiies for -10V Output 


■in(4A) 


<mmk. 

Vout(V) 

0.01 

100m 

. ioo ,:'i 

-10 

0.1 

•;:v: v-.tom \ 

liliioo l?" 

-10 

1 

ill iio. 

too 

-10 

10 


100 

-10 

100 

10jt : 

100 

-10 

10 


1000 

-10 

100 

ioon' ;: lii 

1000 

-10 


OUTPUT OVERLOAD 

When the output to the ACF2101 integrates to the negative 
limit, the output voltage smoothly limits at approximately 
2.5V from the negative power supply, and reset time will 
increase by approximately lps for overload recovery. For 
fastest reset time avoid integrating to the negative limit. 

EXTERNAL CAPACITOR 

An external integration capacitor may be used instead of or 
in addition to the internal lOOpF integration capacitor. Since 
the transfer function depends upon the characteristics of the 


integration capacitor, it must be carefully selected. An exter- 
nal integration capacitor should have low voltage coeffi- 
cient, temperature coefficient, memory, and leakage current. 
The optimum selection depends upon the requirements of 
the specific application. Suitable types include NPO ceramic, 
polycarbonate, polystyrene, and silver mica. If the internal 
integration capacitor is not used, the CAP pin should be 
connected to common. 

NOISE 

The total output noise for a specific application of the 
ACF2101 is the rms total of the noise in the modes used: 
Integrate noise (e n j), Hold noise (e nH ) and Reset noise (e^). 

• The noise in both the Hold (e nH ) apd Reset (e nR ) modes is 
IQjiVrms. The noise in the Integrife mode (e„j) is directly 
• proportional to one plus the laj^q^Cfc. to C, where C IN is 
the capacitance of the circuit at the input of the integrator 
and C is the integration capacitance: 

Integrate output noise (e n j) ~ (JQ|iVrms) x <1 + C, N /C) 



1HSS 



FIGURE 5. ACF2101s in Multiplexer Operation. 



FIGURE 6. Capacitance of Circuit at Input of Integrator. 
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Therefore, for very low C 1N , the Integrate noise will ap- 
proach lOpVrms. The total noise when in the Hold mode 
after proceeding through Reset and Integrate modes is calcu- 
lated as shown below. 

Total Noise= ^/e 2 +e 2 + e 2 

-y nl nH nR 

If only the Integrate and Reset modes are used, the total 
noise is the rms sum of the noise of the two modes as shown 
below. 

/ 2 2 

Total Noise= _/e . +e 


DYNAMIC CHARACTERISTICS 
Frequency Response 

The ACF2101 switched integrator is a sampled sy$iem 
controlled by the sampling frequency (fs), which is. usually, 
dominated by the integration time. Input signals #Qye ::: i||| 
Nyquist frequency (fs/2) create errors by being aliased into, 
the sampled frequency bandwidth. The sampled fieqdency 
bandwidth of the switched integrator ha&a -3dB character- 
istic at fs/2.25 and a null at fs and harmonics 2fs, 3fs, 4fs, 
etc. This characteristic is often used t6 eliminate known 
interference. 



FIGURE 7. Frequency Response, . : :i. ? 

Charge Transfer 

Charge transfer is the charge that is coupled from the logic 
control inputs through circuit capacitance to the integration 
capacitor when the Hold and Reset switches change mode. 
Careful printed circuit layout must be used to minimize 
external coupling from digital to analog circuitry and the 
resulting charge transfer. Charge transfer results in a DC 
charge offset error voltage. The ACF2101 switches are 
compensated to reduce charge transfer errors. 

Since the ACF2101 switches contribute equal and opposite 
charge for positive and negative logic input transitions, the 
total error due to charge transfer is determined by the 
switching sequence. For each switch, a logic transition 



FIGURE 8. Droop and Charge Offset Effects, 

results in a specific charge (and offset voltage) while an 
opposite going logic transition results in an opposite charge 
(and opposite; offset voltage). Thus^ if the Hold switch is 
turned on and off during one integration cycle, the total 
charge transfer ; at the end of the sequence due to the Hold 
switch is essentiallyfaerp. "* 

The amounl of charge transfer to the integration capacitor is 
> constant for each switch. Therefore, the charge offset error 
vqUage is lower ' for larger integration capacitors. The 
A€F210r$ O.lpC charge transfer results in a lmV charge 
offset voltage when using the lOOpF internal integration 
: capacitor. The offset voltage will change linearly with the 
integration capacitance. That is, 50pF will result in a 2mV 
charge offset and 200pF in a 0.5mV charge offset. 

Droop 

Droop is the change in the output voltage over time as a 
result of the bias current of the amplifier, leakage of the 
integration capacitor and leakage of the Reset and Hold 
switches. Droop occurs in both the Integrate and Hold 
modes of operation. Careful printed circuit layout must be 
used to minimize external leakage currents as discussed 
previously. 

The droop is calculated by the equation: 

^ 200fA 

Droop = ■ — ■ 

where C is the integration capacitance in farads and the 
result is in volts per second. For the internal integration 
capacitance of lOOpF, the droop is calculated as: 


Droop = 


200 x 10 
100 x 10" 


— ^ = 2 mV/s or 2nV/|Xs 


Droop increases by a factor of 2 for each 10°C increase 
above 25°C. 
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CMP100 


HIGH-SPEED WINDOW COMPARATOR 
ATE PIN RECEIVER 


FEATURES 


APPLICATIONS 


BURR-BROWN® 


• PROPAGATION DELAY: 5ns max, lOOmV 
Overdrive 

• COMMON MODE INPUT RANGE: ±12V 

• INPUT IMPEDANCE: 120kQ || 2pF 

• OUTPUTS: Latchable, 10k ECL 
Compatible 

• COMPLETE: No External Parts Required 

• TEMPERATURE RANGE: -25°C to +85°C 

• PACKAGES: 16-Pin Piastic DIP, 16-Lead 
Plastic SOIC 



• ATE PIN RECEIVER 

• WINDOW COMPARATOR 

• THRESHOLD DETECTOR 

DESCRIPTION 

CMP 1 00 is a high-speed dual comparator designed for 
use as an automatic test system pin receiver. It is also 
useful in a wide variety of analog threshold detector 
and window comparator applications. 

CMP 100 has two reference inputs and one analog 
input which is common to both comparators. All in- 
puts are attenuated by a voltage divider to provide 
high common mode voltage operation. The analog 
input attenuator is R-C tuned to optimize operation 
with high-speed input waveforms. The reference input 
attenuators are not R-C tuned. Each attenuator net- 
work is followed by a buffer amplifier ahead of the 
comparator circuits. 

Complementary ECL output stages are capable of 
driving 50Q terminated transmission lines to a -2V 
pull-down voltage. In addition, latch-enable inputs are 
provided for each comparator, allowing operation as a 
sampling comparator. 

CMP 100 is available as an industrial temperature range 
device, -25°C to +85°C, and is packaged in a 16-pin 
plastic DIP and in a 16-lead plastic SOIC. 


International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 . Twx: 910-952-1111 * Cable: BBRCORP • Telex: 066-6491 . FAX: (602) 889-1510 • Immediate Product Info: (800) 548-6132 
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SPECIFICATIONS 


ELECTRICAL 

T a = 25°C and at rated supplies: V+ = +5V, V- = -5.2V unless otherwise noted. 



CMP100AP, AU 


PARAMETER 

MIN 

TYP 

3 

> 

X 

UNITS 

ANALOG INPUTS | 

Differential Input Voltage Range 


24 


V 

Common Mode Voltage Range 

Resistance 


±12 


V 

Reference Inputs: V REF ,, V REF2 

45 

60 

75 

k £1 

Analog Input 

90 

120 

150 

kn 

Capacitance. All Inputs 


2 


pF 

TRANSFER CHARACTERISTICS | 

ACCURACY 

Input Offset Voltage, V os "’ 


10 

20 

mV 

Common Mode Error 



10 

mV/V 

Voltage Offset Drift 


100 

250 

pv/°c 

Power Supply Sensitivity of Offset: A\/ os /AW+ 



±10 

pv/v 

AV^MV- 



±10 

pV/V 

RESPONSE TIME 





Propagation Delay, t PD ' 2 - 31 

IQOmV Overdrive, Latch Disabled 


3.6 

5 

ns 

DIGITAL SIGNALS' 4 ' (Over Specification Temperature Range) j 

Inputs (Latch Controls) 

Logic Levels: V IH 

-1.1 



V 

v 1L 



-1.5 

V 

l 1H (V, = -1.1V) 



50 

PA 

l |L (V, = -1.5V) 



5 

pA 

Outputs (Balanced) 

Logic Levels: V OL (500 Load to -2V) 



-1.5 

V 

V OH (500 Load to -2V) 

-1.1 



V 

POWER SUPPLY REQUIREMENTS | 

Supply Voltage 

V+ 

+4.75 

4-5 

+5.25 

VDC 

V- 

-5.45 

-5.2 

-4.95 

VDC 

Supply Current' 5 ’ 

V+ 


4-30 

+40 

mA 

V- 


-40 

-50 

mA 

Power Dissipation' 6 ’ 


360 

460 

mW 

TEMPERATURE RANGE 

Specification 

-25 


+85 

°C 

Storage 

-65 


+150 

°c 


NOTES: (1) Defined as half the magnitude between low-to-high and high-to-low transition input voltages. (2) See section on “Measuring CMP100 Performance." 
(3) See “Discussion of Specifications” for exact conditions. (4) 10k ECL compatible. (5) Maximum supply current is specified at typical supply voltages. (6) Maximum 
Power Dissipation is calculated with typical supply voltages and maximum currents. Note that dissipation in the output transistors from driving 50Q ECL loads will 
increase the total power dissipation by about 50mW. 


ABSOLUTE MAXIMUM RATINGS 


V+ to Digital Common and Power Common +6V 

V- to Digital Common and Power Common -6V 

(V+) - (V-) 12V 

Digital Inputs to Digital Common 

Differential ±4V 

Common Mode V- to V+ 

Differential Analog Input Voltage ±25V 

Package Power Dissipation 750mW 

Storage Temperature -60°C to +150°C 

Lead Temperature (soldering, 10s) +300°C 


Stresses exceeding those listed above may cause permanent damage to 
the device. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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PIN DEFINITIONS 


ns 

NAME 

DESCRIPTION 

1, 15 

LE2, LE2 

LATCH or UNLATCH comparator 1 outputs 


Q2, Q2 

ECL outputs of comparator 2 

tm 

DCOM 

Return for comparator circuits 


PWRCOM 

Return for ECL output transistor currents 


Q1, Q1 

ECL outputs of comparator 1 

8, 10 

LEI, LEI 

LATCH or UNLATCH comparator 2 outputs 

9 

V+ 

Positive Supply Voltage, +5V 

11 

V 

V REF 1 

Reference Voltage for comparator 1 

12 

Analog In 

Analog Signal input 


ACOM 

Return for Analog In, V REF1 , V REF2 

14 

V 

V REF2 

Reference voltage for comparator 2 

. 16 

V- 

Negative Supply Voltage: (ECL Supply, -5.2V) 
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MECHANICAL 


P Package — 16-Pin Plastic DIP 




T' 1 

wmt 

IMM 

fli-usd 

Kli 

BJIEB 


n 

B SSI 

mm 

B7W 




IS 




beei 




B3ES 

MEM 

WEB 



EES 


mm 

BEfB 



MFm 

SOB 



n 


BOB 

El 

B>W»I 



Oi 

BEEMB 


mm 

Bil^l 

BBS 

IB 


HEB 


TTTH 




BT7S 

KT?I 



— 

BcIMW 



lElH 

mm 

mm 


mm 

HliM 

SMI 

BSE1 

B&Jj 




EEI 



NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. 


P Package — 16-Pin SOIC 


■B 

KBiBi 


EB 

m 

1 MM 

mm 

COB 

BOB! 


B3EB 

it»XM 

XbVrM 

m 

m 

B3EB 

EEB 

keeo 

KB 

E3 

EUB 

mem 1 

beb 

B3B 

ES 

KB 

K33B 

MEU 

BOB 

BlSB 

1RSB 

E3I 

WktM\ 

BB 

B»IM 

B5B 

EEB 

EBB 

mm 

BEMS3B 


BCB 

warn 

mm 

EEB 

EBB 

IBB 

Eli 

BiTHI 

BITS 

EES 

BOB 

EUB 

ESB 

EBB 

mi 

KB 

BEsSQEBI 

bbbbb 

mm 

iiunitfa 

Ea 

I 

II 




NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. 


ORDERING INFORMATION 


MODEL 

PACKAGE 

CMP100AP 

16-Pin DIP 

CMP100AU 

16-Lead SOIC 
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TYPICAL PERFORMANCE CURVES 

T a = 25°C and at rated supplies: V+ = +5V, V- = -5.2V unless otherwise noted. 



0 100 200 300 400 500 

Overdrive (mV) 


NOTE: Propagation Delay vs Overdrive is shown for two amplitudes of 
input pulse: from -200mV -» +V 0D (0.2nV/ns slew rate) and -1 V -» +V 00 
(1 V/ns slew rate). For an inverse input waveform: from +1 V -» -V OD and 
from +200mV -> -V 0D , propagation delays identical to those above are 
produced. 


PROPAGATION DELAY vs AMBIENT TEMPERATURE 



Ambient Temperature (°C) 


POWER SUPPLY CURRENT vs AMBIENT TEMPERATURE 



-30 -10 10 30 50 70 90 

Ambient Temperature (°C) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = 25°C qmd at rated supplies: V+ = +5V, V- = -5.2V unless otherwise noted. 


RESPONSE TO A 2ns LATCH ENABLE PULSE 



Time (5ns/div) 



Time (2ns/div) 
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DISCUSSION OF 
SPECIFICATIONS 

ANALOG INPUT 
Offset Voltage, V os 

The value of the the comparison threshold for V REF j or V REF2 
= OV. V os and maximum drift vs temperature of V os are 
guaranteed. 

Common Mode Error 

As V REF varies over its range, there is a small gain error 
which manifests itself as a change in the comparison level. 
Common mode error drifts typically -15 jiV/°C. 

DYNAMIC PERFORMANCE 

Figure 1 illustrates the following analog and logic perform- 
ance definitions. 

Input to Output High Propagation Delay, t PDH 

tpoH ls P ro P a g at io n delay measured from the time the 
input signal crosses the input offset voltage to the 50% point 
of an output (Q output) Low-to-High transition. Output logic 
is not latched for this definition. 

Input to Output Low Propagation Delay, t PDL 

t PDL is the propagation delay measured from the time the 
input signal crosses the input offset voltage to the 50% point 
of an output (Q output) High-to-Low transition. Output logic 
is not latched for this definition. 


The propagation delay of the CMP 100 is virtually identical 
for negative going and positive going analog input edges. 

Differential Propagation Delay (Skew), t D1FF 

t D1FF is the difference in propagation delay from one com- 
parator to another. The skew between each half of one 
CMP 100 is no greater than 200ps. 

Propagation Delay Dispersion 

Propagation Delay Dispersion is the variation in propagation 
delay versus input overdrive. Note that propagation delay 
may also be a function of input slew rate and of the previous 
level. 

The input waveform for the propagation delay specification 
is illustrated in the First typical performance curve. Propaga- 
tion Delay vs Overdrive. The Propagation Delay listed in the 
Electrical Specifications table is specified using an input 
waveform with 1 OOmV overdrive, a previous level of -200mV 
and a slew rate of 200V/|is. A typical propagation delay 
curve is also shown for a previous level of -IV. The outputs 
are not latched for this specification. 

Overdrive 

Overdrive is the voltage by which the input exceeds 

V +V 

V REF “ V OS* 

Minimum Set-Up Time, t. 

t s is the minimum time before the positive transition of the 
Latch Enable (LE) that an analog input signal change must 
be present in order to be acquired and held at the outputs. 
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The t s performance of CMP 100 is illustrated in the Typical 
Performance Curves. 

Minimum Hold Time, t H 

t H is the minimum time after the positive transition of the 
Latch Enable (LE) that an analog input signal change must 
remain unchanged in order to be acquired and held at the 
outputs. t H = 0 for CMP 100. 

LOGIC PERFORMANCE DEFINITIONS 
Latch Enable to Output High Delay, t DL0H 

t DL oH i s the propagation delay of latch logic circuits meas- 
ured from the 50% point of the Latch Enable signal (LE) 
High-to-Low transition to the 50% point of an output (Q) 
Low-to-High transition. 

Latch Enable to Output Low Delay, t DL0L 

t DLOL * s propagation delay of latch logic circuits meas- 
ured from the 50% point of the Latch Enable signal High-to- 
Low transition to the 50% point of an output (Q) High-to- 
Low transition. 

Minimum Latch Enable Pulse Width, t pw 

t pw is the minimum time that the Latch Enable (LE) must be 
High in order to acquire and hold an input signal change. 

The actual timing performance of CMP 100 is illustrated in 
the Typical Performance Curves. 

OPERATING 

CONSIDERATIONS 

INPUT VOLTAGE 

Input reference voltages V REF j and V REF 2 may vary from 
-12V to +12V. The frequency-compensated analog input 
network can also swing from -12V to +12V. 

Care must be taken to be sure that the Maximum Differential 
Input Voltage is not exceeded. That is, the voltage between 
Analog In and V REF or between Analog In and V REF ,, must 
not exceed ±25V. If this voltage is exceeded by 1 or 2 volts, 
even momentarily, emitter-base voltage breakdown of the 
input transistors will occur and cause a permanent shift of 
the offset voltage, V os , to an out-of-spec value. However, 
the CMP 100 will continue to function and will not be 
destroyed. 

Input voltages to the CMP 100 of uncontrolled magnitude 
may occur during system power-up. Take care to assure that 
the Absolute Maximum Differential Input Voltage is not 
exceeded during power-up. 

DRIVING SOURCE IMPEDANCE 

An apparent slow response of the CMP100 may be due a 
combination of high source impedance and stray capacitance 
to ground at the analog input. An R-C combination of lkQ 
source resistance and lOpF to ground results in a 10ns time 
constant — more than double the typical response time of the 
CMP 100. 
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THE LATCH FUNCTION 

The latch function is used for sampling the state of the 
outputs and holding them until the output can be processed. 

Figure 1 shows a timing diagram for differential input latch 
enable controls, LE and LE. The latches of the CMP100 are 
transparent type latches. If LE is Low (LE is High), the Q 
outputs indicate the sign of the input difference voltage. 
When LE goes High (LE Low), the comparator outputs are 
held at the current state. 

When the analog input signal passes through the reference 
level, the comparator output Q changes, after a time of t PDH 
or t pDL . However, if the output is to be latched, the input 
signal must have crossed the threshold for a time t s (set-up 
time) before the rising edge of LE occurs in order to capture 
the correct output state. On the other hand, in order to 
capture a correct output state just before it changes, it is 
necessary to maintain that output state for t H , (hold time) 
after the rising edge of LE. t H = 0 for CMP100. 

A minimum latch pulse width of t pw is needed to capture the 
state of narrow pulses. See the Typical Performance Curves 
for an example of sampling a narrow pulse. 

10k ECL LOGIC 

If the lat ching function is not used, the Latch Enable inputs 
(LEj and LE 2 ) should be returned to an ECL High voltage 
(-0.8V) or to Digital Common (0V). LEj and LE 2 should be 
returned to an ECL Low level (-1.8V), to an ECL bias 
voltage (-1.3V) or to the -2V 50Q load pull-down power 
supply. Connecting an ECL input to -5.2V may create a 
marginal transistor emitter-base breakdown situation over 
the ambient temperature range and is not recommended. 

If a single (non-differential) ECL logic input is used, con- 
nect the complementary input to an ECL bias voltage (-1 .3 V). 

100k ECL LOGIC 

The negative power supply, V-, of the CMP 100 can be 
operated at -4.5V. The common mode input range of the 
analog and reference inputs will be reduced to +12V to 
-7.5V. Output levels are not affected by changing the V- 
power supply voltage to -4.5V. 

TTL INPUTS 

The operating common mode range of a logic input is -2V 
to +2V. Thus one can bias the logic inputs to use them with 
TTL inputs if the High input level is maintained below +2V. 
In this case, the complementary logic input should be biased 
at the TTL threshold of +1.4V. 

LEVEL SHIFTING ECL to TTL 

The ECL outputs can be translated to TTL using a Motorola 
MCI 0125 Quad ECL-TTL translator. The logic delay t DL0H 
and t DL0L and the propagation delay t PDL and t PDH will be 
increased by the delay of the translator. 
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INSTALLATION 

TERMINATING ECL OUTPUTS 

The best performance will be achieved with the use of 
proper ECL terminations. Such a configuration is illustrated 
in Figure 3. The open-emitter outputs of the CMP100 are de- 
signed to be terminated through 50Q resistors to -2V or any 
other equivalent termination. If high-speed ECL signals 
must be routed more than a few centimeters, MicroStrip or 
StripLine techniques may be required to insure proper tran- 
sition times and prevent output ringing. 

POWER SUPPLY SELECTION 

Linear power supplies are preferred. Although switching 
power supply rms specifications may appear to indicate low 
noise output, voltage spikes generated by switchers may be 
hard to filter. Their high-frequency components may be 
extremely difficult to keep out of the power supply return 
system. If switchers must be used, their outputs must be 
carefully filtered and the power supply itself should be 
shielded and located as far away as possible from precision 
analog circuits. 

PRINTED CIRCUIT LAYOUT CONSIDERATIONS 
Power Supply Wiring 

Use heavy power supply and power supply common (ground) 
wiring. A ground plane under the part is usually the best 
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solution for preserving dynamic performance and reducing 
noise coupling into sensitive circuits. 

When passing power through a connector, use every avail- 
able spare pin for making power supply return connections, 
and use some of the pins as a Faraday shield to separate the 
Analog and Digital Common lines. 

Power Supply Returns 
(ACOM, DCOM and PWRCOM) 

For best performance, connect ACOM (pin 13) and DCOM 
(pin 4) to the ground plane under the comparator. PWRCOM . 
(pin 5), which is connected to the collectors of the ECL 
outputs, can be returned by separate printed circuit trace but 
its inductance should be kept low to avoid ringing. Do not 
connect ACOM and DCOM together at the end of a long 
printed circuit trace and then run a single wire to the power 
supply. To use separate ACOM and DCOM return printed 
circuit traces, connect a ljuF to 47pF tantalum capacitor 
between DCOM and ACOM pins as close to the package as 
possible. 

Power Supply Bypassing 

Every power supply line leading into the comparator must 
be bypassed to the Common pins. The bypass capacitor 
should be located as close to the comparator package as I 
possible and tied to a solid return, preferably to the ground | 
plane under the device. If the capacitors are not close enough 
to the package, DC resistance and inductance may be above 
acceptable levels. Use tantalum capacitors with values of 
from lpF to lOpF. Parallel them with smaller ceramic ca- 
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if overcompensated. If the probe ground lead is too long, the 
output may appear distorted and oscillatory. Use probes with 
short (less than one inch) ground straps or use a coaxial 
cable connection instead of a probe. Do not use XI or 
“straight” probes. Their bandwidth is 20MHz or less and 
capacitive loading is high. The best method is to use 500 
matched terminations as shown in Figures 2 and 3. 

MEASURING PROPAGATION DELAY 

Figure 2 shows a circuit configuration used for evaluating 
propagation delay. It uses 500 matched terminations be- 
tween the instruments and the CMP 100 for best signal 
integrity. An HP8130A Pulse Generator is used for the ana- 
log input and for the latching signals. The oscilloscope is an 
HP54503A 500MHz Digitizing Oscilloscope. This setup 
was used to generate the dynamic performance waveforms 
in the Typical Performance Curves section. 

MEASURING LOGIC TIMING 

Figure 3 shows the circuit configuration used for evaluating 
logic propagation delay. The logic input LEI has been added 
to the circuit of Figure 2. 



FIGURE 3. Circuit for Evaluating Logic Timing. 


pacitors for high frequency filtering if necessary. Electro- 
lytic capacitors are not recommended because their high fre- 
quency response is poor. 

Separate the Analog and Digital Signals 

Digital signal paths entering or leaving the layout should 
have minimum length to minimize crosstalk to analog wir- 
ing. Stray capacitive feedback from digital outputs to the 
analog input may cause the outputs to appear fuzzy well 
after the outputs have changed. Keep analog signals as far 
away as possible from digital signals. If they must cross, 
cross them at right angles. Coaxial cable may be necessary 
for analog inputs in some situations. 

MEASURING 

CMP100 PERFORMANCE 

USING AN OSCILLOSCOPE 

Oscilloscope probes should be matched to the oscilloscope. 
Use an oscilloscope with at least 400MHz bandwidth. 

Be sure the probe compensation is adjusted properly. Im- 
proper compensation will result in apparent overshoot and/ 
or ringing if undercompensated, and an apparent slow edge 
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CMP100 APPLICATIONS 

ATE PIN RECEIVER 

A typical ATE pin receiver application using CMP 100 is 
illustrated in Figure 4. The reference inputs, V REF , and V REF2 
are driven by D/A converters (Figure 5) while analog input 
is driven directly from the device under test (DUT). 



FIGURE 4. Typical ATE Pin Receiver Application. 


WINDOW COMPARATOR 

Because of its high speed, the CMP 100 can be used to make 
timing measurements on modest-speed digital or high-speed 
analog waveforms. When the outputs of the CMP 100 are 
combined with a NOR gate, a true window comparator 
function is implemented. Refer to gate G3 of Figure 6. The 
output pulse width generated by an input signal passing 
through the reference levels can be measured. This could be 
for a rise-time/fall-time measurement (setting the reference 
levels at 10% and 90% of the signal height) of a modest 
speed digital waveform, or for the width (and hence the 
value) of aH analog ramp moving between two values from 
an integrating type signal detector. 

PULSE RECOVERY 

The window comparator function can also be used to recon- 
struct pulses that have been degraded. Positive and/or nega- 
tive reference levels can be set up to detect both High and 
Low levels of the pulse. 

A plot of the response of CMP 100 to a narrow pulse with 
Vrefi = 0V is shown in the Typical Performance Curves 
section. 

DETECTING TRANSIENTS 

CMP 100 can be connected to Detect and Hold transient 
occurrences above and below threshold voltages set by 
V REF j and V REF 2 as illustrated in Figure 6. The outputs of 
comparator 1 and comparator 2 are fed back to their LE 
inputs in order to self-latch their outputs. The Reset control 
is used to “unlock” the outputs after the transient occurrence 
has been read. The output NOR gate G3 combines CMP 100 
outputs into a single-output window comparator function. 



FIGURE 5. Dual DAC7802 (12-bit port), DAC7801 (8-bit port) or DAC7800 (serial port) D/A Converters Supply Reference 
Inputs to the CMP100. For higher resolution use DAC725, dual 16-bit D/A converter. 
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Note that the transient being detected must remain above 
V ref ! (or below V REF2 ) longer than the propagation delay of 
the CMP 100 plus the propagation delay of gates G1 and G2. 

In an application where only one polarity of transient needs 
to be captured, comparator 2 (not latched) can be used as the 
source of the Reset control signal to unlock comparator 1 
based on a clifferent threshold condition (defined by V REF 2 ) 
on the analog input signal. This connection will stretch the 
transient occurrence for the time the V REF 2 condition is 
present. 


WIDE-BAND AMPLIFIERS 

FOR ANALOG INPUT SIGNAL CONDITIONING 

In a component test application the analog input of the 
CMP100 is usually driven directly from the DUT output. 
Other applications may require a high-speed buffer or volt- 
age gain ahead of the CMP 100. Recommended wide-band- 
width amplifiers are Burr-Brown OPA603 for up to ±10V 
signals, or OPA620/OPA621 for very wide-band ±3V sig- 
nals. A high speed instrumentation amplifier such as the 
Burr-Brown INA110 can be used for common mode rejec- 
tion. 



FIGURE 6. CMP100 Used to Detect and Hold Transient Occurrences on the Output Pulse of a Device Under Test, or Out-of- 
Limits Conditions in a Process-Variable Monitoring Application. 
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MPY600 


Wide Bandwidth 
SIGNAL MULTIPLIER 


FEATURES 

• WIDE BANDWIDTH: 

75MHz — Current Output 
30MHz — Voltage Output 

• LOW NOISE 

• LOW FEEDTHROUGH: -60dB (5MHz) 

• GROUND-REFERRED OUTPUT 

• LOW OFFSET VOLTAGE 

DESCRIPTION 

The MPY600 is a wide-bandwidth four-quadrant sig- 
nal multiplier. Its output voltage is equal to the alge- 
braic product of the X and Y input voltages. For 
signals up to 30MHz, the on-board output op amp 
provides the complete multiplication function with a 
low-impedance voltage output. Differential current 
outputs extend multiplier bandwidth to 75MHz. 

The MPY600 offers improved performance compared 
to common semiconductor modulator or multiplier 
circuits. It can be used for both two-quadrant (voltage- 
controlled amplifier) and four-quadrant (double-bal- 
anced) applications^ While previous devices required 
cumbersome circuitry for trimming, balance and level- 
shifting, the MPY600 requires no external compo- 
nents. A single external resistor can be used to pro- 
gram the conversion gain for optimum spurious-free 
dynamic range. When used as a modulator, carrier 
feedthrough measures -60dB at 5MHz. 

Differential X, Y and Z inputs can be connected in a 
variety of useful configurations, including squarer, 
divider, and square-rooter circuits. The MPY600 is 
available in 16-pin plastic DIP, specified for the indus- 
trial temperature range. 

International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602)889-1510 • Immediate Product Info: (800) 548-6132 


PDS-1019A 
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APPLICATIONS 

• MODULATOR/DEMODULATOR 

• VIDEO SIGNAL PROCESSING 

• CRT GEOMETRY CORRECTION 

• CRT FOCUS CORRECTION 

• VOLTAGE-CONTROLLED CIRCUITS 
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SPECIFICATIONS 


At V s = ±5V, T a = +25°C unless otherwise noted. 




MPY600AP 


SPECIFICATION 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

INPUTS (X, Y, 2) 






Full-Scale Differential Input 






X.-X, 


±1 



V 

Y t -Y a 


±2 



V 

2,-Z, 


±2 



V 

Input Voltage Range 



±2.2 


V 

Differential Input Range 



±2.5 


V 

Input Impedance 



100 |i 1.5 


kOHpF 

Input Offset Voltage 



±0.5 

±5 

mV 

Drift 



25 


pV/°C 

CMRR 

V cm -±2V 


70 


dB 

PSRR 



70 


dB 

Input Bias Current (X, Y) 



+15 


pA 

Z Input 



-15 


pA 

VOLTAGE OUTPUT 









(X.-XJHY -YJ 



Transfer Function 


Vo= * 


Total Multiplier Error* 1 ’ 

-IV^X^ 1V,-2V^Y^2V 


±15 

±25 

mV 


-2 VSXS 2V, -2V £ Y £ 2V 


±25 


mV 

Gain Error 



±1 


% 

Gain Temperature Drift 



±200 


ppm/°C 

Power Supply Rejection 

V a a ±4 to ±6V 


70 


dB 

Noise 

f = 1kHz to 30MHz 


120 


nV/VHz 

Output Voltage Swing 

R l = 1000 

±2.2 

±3 


V 

Output Current 


±22 

±30 


mA 

Short-Circuit Limit 



50 


mA 

Bandwidth 

Small Signal 


30 


MHz 

Slew Rate 



150 


V/ps 

Settling Time to 0.1% 

4V Step 


150 


ns 

Differential Gain Error 

3.58MHz, 0 to 0.7V 


0.2 


% 

Differential Phase Error 

3.58MHz, 0 to 0.7V 


0.2 


Degrees 

Capacitive Load, Max 

Stable Operation 


100 


PF 

Feedthrough, X 

X * OdBm, f - 500kHz; Y Nulled 


-85 


dB 


X - OdBm, f - 5MHz; Y Nulled 


-60 


dB 

Feedthrough, Y 

Y « OdBm, < » 500kHz; X Nulled 


-70 


dB 


Y « OdBm, f - 5MHz; X Nulled 


-50 


dB 

Distortion, X 

X « OdBm, f » 500kHz, Y a 2V 


-60 


dB 


X - OdBm, f - 5MHz, Y « 2 V 


-55 


dB 

Distortion, Y 

Y a OdBm, f « 500kHz, X - 2V 


-65 


dB 


Y - OdBm, f a 5MHz, X « 2V 


-55 


dB 

CURRENT OUTPUT 






Transfer Function 



AI 0 «(X,-X a )(Y l -Y 

a) 

mA 

Total Multiplier Error*” 

-IV £ X 5 IV, -2V S Y £ 2V 


±20 

±80 

pA 


-2 V S X £ 2V, -2V SYS 2V 


±80 


pA 

Gain Error 



±1 


% 

Gain Temperature Drift 



±200 


ppm/°C 

Power Supply Rejection 

Vg a ±4 to ±6V 


50 


dB 

Noise, Output 



100 


pA/VHz 

Voltage Compliance Range 



±2.5 


V 

Peak Output Current 



5 


mA 

Noise, Input-Referred 

f- 1kHz .to 75MHz 


50 


nV/VHz 

Bandwidth, Small-Signal 



75 


MHz 

Settling Time to 0.1% 

4mA Step 


150 


ns 

Feedthrough, X 

X-0dBm,f - 1MHz; Y Nulled 


-65 


dB 


X - OdBm, f a 10MHz; Y Nulled 


-45 


dB 

Feedthrough, Y 

Y a OdBm, f - 1MHz; X Nulled 


-75 


dB 


Y a OdBm, f a 10MHz; X Nulled 


-55 


dB 

Distortion, X 

X a OdBm, fa 1MHz, Y a 2V 


-55 


dB 


X » OdBm, f a 10MHz, Y a 2V 


-50 


dB 

Distortion, Y 

Y a OdBm. fa 1MHz, X - 2V 


-65 


dB 


Y a OdBm. f = 10MHz, X-2V 


-50 


dB 

POWER SUPPLY 





mmmm 

Rated Performance 



±5 


■ 

Operating 


±4.75 


±8 


Current 



±30 

±35 


m j, 1 *j 4 : ATTmHfftTSIMHHi 





■ I 



-25 


+85 




-40 


+125 





50 




NOTES: (1) Deviation from ideal transfer function referred to full scale output. Includes gain, nonlinearity and offset errors. 
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MECHANICAL 


P Package -16-Pln Plastic DIP 



rz 

INCHES 

IM! 


K»M1 




MAX 

n 


ieei 


5.08 


w<\m 



1.27 

mm 



KIH 

0.51 




IPI 

1.65 

mm 


mm 

rm 

0.30 

D 

.745 

.785 

19.00 

19.94 

E 





Ei 

MrluM 



6.60 

ei 


2.54 BASIC 

K9K 


7.62 BASIC 

L 


i^i ■ 

Em 

3.81 

Li 



EEB 

0.76 

a 

K3H 

mm 

mm 

15° 

P 

.015 

.050 

0.38 

1.27 


UKiLiiH 



im 

mm 

.015 

.060 

0.38 

1.52 

| (1) Not JEDEC Std. | 


NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage ±18V 

Input Voltage Range ±V S 

Op Amp Output Current 100mA 

Operating Temperature +125°C 

Storage Temperature +150°C 

Junction Temperature +150°C 

Lead Temperature (soldering, 10s) +300°C 


ORDERING INFORMATION 


MODEL 

PACKAGE 

SPECIFIED 

TEMPERATURE 

RANGE 

MPY600AP 

Plastic DIP 

-25°C to +85°C 


PIN CONFIGURATION 


Voltage Output 

[I 

v 0 

Ip 

3 

+Current Output 

Zt Input 

E 

Zi 

In 

3 

-Current Output 

Z 2 Input 

[I 

Z 2 

NC 

3 

NC 

Y, Input 

E 

Y, 

X, 

3 

X 1 Input 

Y-Gain Adj. 

[I 

Ry 

NC 

3 

NC 

Y-Gain Adj. 

E 

Ry 

NC 

3 

NC 

Y 2 Input 

[I 

y 2 

x 2 

3 

X 2 Input 

+V S Power 

E 

+ V s 

-V s 

3 

-V s Power 


NC: No internal connection. 


TYPICAL PERFORMANCE CURVES 

T a = +25°C, V s = ±5V unless otherwise noted. 




10k 100k IM 10M 100M 

Frequency (Hz) 

10k 

14)0k IM 10M 

Frequency (Hz) 

100M 
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Feedthrough (dBc) Gain:V 0 /V Y (V/V) Phase Shift (Deg) 


For Immediate Assistance, Contact Your Local Salesperson 


TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C, V s = ±5V unless otherwise noted. 


VOLTAGE OUTPUT PHASE SHIFT vs FREQUENCY 



Ik 10k 100k 1M 10M 100M 



1 10 


100 1000 10000 


Frequency (Hz) 


R Y Resistance (£2) 



1 10 100 Ik 10k 


VOLTAGE OUTPUT FEEDTHROUGH vs FREQUENCY 



10k 100k 1M 10M 100M 


R y Resistance (£2) 


Frequency (Hz) 


CURRENT OUTPUT FEEDTHROUGH vs FREQUENCY 




Frequency (Hz) 


Frequency (Hz) 
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^ Distortion (dBc) 

Dynamic Range (dBc) Distortion (dBc) 


Or, Call Customer Service at 1-800-548-6132 (USA Only) 
TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C, V s = ±5V unless otherwise noted. 




Frequency (Hz) 


Input Power (dBm) 


VOLTAGE OUTPUT HARMONIC DISTORTION 
vs INPUT POWER 



INPUT-REFERRED DYNAMIC RANGE 
vs INPUT POWER 



Frequency (Hz) 


Input Power (dBm) 


INPUT-REFERRED DYNAMIC RANGE 
vs INPUT POWER 



OUTPUT-REFERRED DYNAMIC RANGE 



-120 -100 -80 


-60 -40 


-20 


20 


Input Power (dBm) 


Power In (dBm) 
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For Immediate Assistance, Contact Your Local Salesperson 


TYPICAL PERFORMANCE 
CURVES (CONT) 

T a = +25°C, V s = ±5V unless otherwise noted. 



Input Power (dBm) 



Frequency (Hz) 


VOLTAGE OUTPUT SQUARER FREQUENCY RESPONSE 



10k 100k 1M 10M 100M 

Frequency (Hz) 


POWER SUPPLIES 

The MPY600 may be operated from power supplies from 
±4.75V to ±8V. Operation from ±5V supplies is recom- 
mended. Since input and output levels are ±2V, larger 
supply voltage is not required for full output voltage swing. 
Furthermore, power dissipation can be minimized by using 
lower power supply voltage. Power supplies should be 
bypassed with good high-frequency capacitors such as ce- 
ramic or solid tantalum. 


TRANSFER FUNCTION 

The open-loop transfer function of the MPY600 is: 

v 0 =a['VM^»(VZ ! )] 

where A = open-loop gain of the output amplifier (typically 
70dB). 

X, Y, Z are differential input voltages — ±2V max. 

An intuitive understanding of the transfer function can be 
gained by analogy to an op amp. Assuming that the open- 
loop gain is infinite, any output voltage can be created by an 
infinitesimally small quantity with the brackets. An applica- 
tions circuit can be analyzed by assigning circuit voltages to 
the X, Y and Z inputs and setting the bracketed quantity 
equal to zero. 

For example, in the basic multiplier connection (Figure 1), 
Zj = V 0 and Z 2 = 0. Setting this equal to zero: 

Solving for V 0 yields the transfer function of the circuit. 

The X input is specified for ±1 V full-scale differential input. 
X inputs up to ±2V provide useful operation with somewhat 
reduced accuracy and distortion performance. The Y input is 
rated for ±2V full-scale input. The Y input gain (and there- 
fore its full-scale range) can be varied with an external 
resistor connected to the R y terminals — see “Modulator/ 
Demodulator.” Full-scale inputs (X = ±1V, Y = ±2V) pro- 
duce a ±1V output. 

The differential inputs, X v X 2 and Y,, Y 2 , make it easy to 
trim offset voltage. The trim voltage is applied to the X 2 or 
Y 2 input, which is otherwise grounded (see X 2 input, Figure 
5). Polarity of the input signals can be reversed by inter- 
changing the inputs (reversing the connections X } and X 2 , 
for instance). The unused current outputs (pins 15 and 16) 
must be grounded (or loaded — see discussion on current 
outputs). 

The output amplifier is operated in unity gain. The output 
voltage can be increased (for small input signals) by placing 
the internal output op amp in higher gain (Figure 2). This 
reduces bandwidth and increases output offset voltage er- 
rors. 
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CURRENT OUTPUT 

The current output connections of the MPY600 can achieve 
wider bandwidth multiplier operation (Figure 3). The cur- 
rent output is determined by the X and Y inputs only, so ap- 
plications which use the Z input to modify the transfer 
function (e.g., divider and square-root modes) cannot be 
used. A full-scale input of ±1V on the X and ±2V on the Y 
inputs produces a 2mA differential current at the current 
outputs. This consists of approximately 2.5mA quiescent 
current ±lmA signal current on each output. The current 
outputs may be used to drive any load impedance which 
maintains the voltage on the current outputs within their 
compliance range. This compliance limit is approximately 
2.5V from the power supply voltages. The current outputs 
and voltage output may be used simultaneously, if desired. 

Output capacitance and stray capacitance at the current 
output terminals will limit the multiplier bandwidth. This 
makes large output resistors (greater than approximately 
lkQ) impractical. The current outputs can be used to drive 
500 or 750 loads directly. 

The circuit shown in Figure 4 uses the current outputs to 
drive an external OPA621 op amp configured as a current- 
difference amplifier. It operates in a noise gain of 3.5. The 
OPA62 1 is stable in a noise gain of two or greater and has 
a 500MHz gain-bandwidth product. It achieves the full 
bandwidth performance of the MPY600. determines the 
transfer function gain. R, provides a proper load to optimize 
high-frequency effects. R 4 is made equal to the parallel com- 
bination of Rj and R 3 . 




FIGURE 3. Current Output Connection. 
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FIGURE 4. 75MHz DC-Coupled Multiplier. 


MODULATOR/DEMODULATOR 

The balanced modulator or demodulator shown in Figure 5 
uses the basic multiplier configuration. It shows the offset of 
the X input trimmed to null carrier feedthrough. It also 
illustrates the use of R y to change the gain of the Y input. 
This can be used to optimize the spurious-free dynamic 
range for a given input level. The Y input is optimized for 
±2V inputs. For lower input signals, the Y input can be pro- 
grammed for higher gain by connecting an external resistor 
to the R y terminals. The conceptual diagram in Figure 6 
reveals why varying the Y-channel gain can yield improved 
dynamic range. The R y selection curve in Figure 5 shows the 
optimum value of R y for a given Y-input signal level. 

DIVIDER OPERATION 

The MPY600 can be configured as a divider as shown in 
Figure 7. Numerator voltage is applied to the Z inputs; 
denominator voltage is applied to the X inputs. Since the 
feedback connection is made to a multiplying input, the 
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effective gain of the output amplifier varies as a function of 
the denominator input. This causes the bandwidth to vary 
with denominator (see Typical Performance Curves for di- 
vider bandwidth performance). Accuracy in divider opera- 
tion is approximately 3% for a 10:1 denominator range. 
Errors grow large and will eventually saturate the output as 
the denominator voltage approaches 0V. 

SQUARE-ROOT CIRCUIT 

The circuit in Figure 8 provides an output voltage propor- 
tional to the square-root of the input (for positive input 
voltages). Diode D t prevents latch-up if the input should go 
negative. The circuit can be configured for negative input 
and positive output by reversing the polarity of both the X 
and Y differential inputs. The output polarity can be inverted 
by reversing the X input polarity and the diode. Accuracy 
can be improved by trimming the offset at the Z input. 
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Modulation 
Input ± E m 
O- 


n TERM 

’ 50Q 


Vo 

*p 

Zi 

‘n 

z* 

(NC) 

Y, 

X, 

MPY600 

R y 

(NC) 

R y 

(NC) 

y 2 

X 2 

+v s 

-v s 


V 0 =±1/2E M E c Sin( 


Carrier Input 
E c Sin cat 
O -f 



‘ n TERM 

‘ 50Q 


DOWN-CONVERTER TWO-TONE RESPONSE 


VALUE OF R y FOR MAXIMUM DYNAMIC RANGE 
vs INPUT LEVEL 


-45 -40 -35 -30 -25 -20 -15 -10 

Input Power Level (dBm) 


-5 

-15 

-25 

-35 

_ -45 
E 

i ~ 55 

—65 

-75 


-95 

-105 


! 

_ R(_— 5dBm 
Marker A 
' 100kHz 

7 A AftH R 













| 












1 

































J 

L_ 

j| 

t 









~7 

_\r 












j, 

‘•Vav- 

***** 


nr^ 









zj 



1MHz 

2-Tone, -5dBm, 10MHz input down converted to 1MHz 
Y = -5dBm at 10.05MHz + -5dBm at 9.95MHz X = 15dBm at 9MHz 


FIGURE 5. Balanced Modulator. 


X-Channel has Constant Gain 



| Y-Channel Gain Varies Inversely with R Y | 

FIGURE 6. Variable Y-Channel Gain — Conceptual Model. 
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FIGURE 10. Phase Detector. 


FIGURE 11. Linear AM Modulator. 
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Maximum peak-to-peak signal amplitude = V s - 5V 
for both inputs and the output. 


FIGURE 12. 25MHz Multiplier with Improved Load Driv- FIGURE 13. Single-Supply Balanced Modulator, 
ing Capability. 





, 1 

Vo 

*p 


2 

z 1 

>n 


3 

z 2 

(NC) 

4 

V, 





MPY600 


5 

Ry 

(NC) 


6 

Ry 

(NC) 


7 

c — 

y 2 

X 2 

+5V 

8 

+V S 

-V s 


FIGURE 14. CRT Focus Correction. 
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FIGURE 15. CRT Geometry Correction. 
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BURR-BROWN® 


REF102 


Precision 

VOLTAGE REFERENCE 


FEATURES 

• +10V ± 0.0025V OUTPUT 

• VERY LOW DRIFT: 2.5ppm/°C max 

• EXCELLENT STABILITY: 

5ppm/1000hr typ 

• EXCELLENT LINE REGULATION: 

Ippm/V max 

• EXCELLENT LOAD REGULATION: 
lOppm/mA max 

9 LOW NOISE: 5|iVp-p typ, 0.1Hz to 10Hz 

• WIDE SUPPLY RANGE: 11.4VDC to 36VDC 

• LOW QUIESCENT CURRENT: 1.4mA max 

• PACKAGE OPTIONS: HERMETIC TO-99, 
PLASTIC DIP, SOIC, DIE 


APPLICATIONS 


• PRECISION-CALIBRATED VOLTAGE 
STANDARD 

• D/A AND A/D CONVERTER REFERENCE 

• PRECISION CURRENT REFERENCE 

• ACCURATE COMPARATOR THRESHOLD 
REFERENCE 

• DIGITAL VOLTMETERS 
9 TEST EQUIPMENT 

9 PC-BASED INSTRUMENTATION 


DESCRIPTION 

The REF 102 is a precision 10V voltage reference. The 
drift is laser-trimmed to 2.5ppm/°C max (CM grade) 
over the industrial temperature range and5ppm/°C 
max (SM grade) over the military temperature range. 
The REF 102 achieves its precision without a heater. 
This results in low-power, fast warm-up, excellent 
stability, and low noise. The output voltage is ex- 
tremely insensitive to both line and load variations and 
can be externally adjusted with minimal effect on drift 
and stability. Single supply operation from 1 1 .4V to 
36V and excellent overall specifications make the 
REF 102 an ideal choice for demanding instrumenta- 
tion and system reference applications. The REF 102 is 
also available in die form. 



6 * i 4 
Noise Common 
Reduction 
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SPECIFICATIONS 


ELECTRICAL 

At T a = +25°C and V s = +15V power supply unless otherwise noted. 


PARAMETER 

CONDITIONS 

REF102A/R 

REF102B/S 

REF102CM 

UNITS 

95331 

TYP 

9SES9 


TYP 


■fl 

KS23I 

93S9 

OUTPUT VOLTAGE 










MM 


Initial 

T a = 25°C 


H H 

10.01 

9.995 


10.005 

9.9975 



V 

vs Temperature (1) 



■ 

10 



5 



m 

ppm/°C 

vs Supply 



■ 









(Line Regulation) 

V s = 11.4V to 36 V 


■ 

2 



1 



i 

ppm/V 

vs Output Current 



■ 









(Load Regulation) 

l L = 0mA to +10mA 


■ 

20 



10 



10 

ppm/mA 


l L - 0mA to -5mA 


■ 

40 



20 



20 

ppm/mA 

vs Time 

T a = 25° 


■ 









M Package 



9j 



.* 



* 


ppm/1 OOOhr 

P, U Packages < 2 > 






* 





ppm/1 OOOhr 

Trim Range (3) 





* 



* 



% 

NOISE 

(0.1Hz to 10Hz) 


5 



* 



• 


pVp-p 

OUTPUT CURRENT 





* 



* 



■9 

INPUT VOLTAGE 











Mj 

RANGE 




+36 

* 


* 

* 


* 


QUIESCENT CURRENT 

flour -0) 



+1.4 



• 



* 

mA 

WARM-UP TIME <« 

(To 0.1%) 


15 



* 



* 


ps 

TEMPERATURE 



99111 


■| H 


H WM 

M| 

jm 

jm 

HM|M|| 

RANGE 



;v. 



■ 


' 




Specification 



■ ■ 



H 

■ 

» ; 

m 

H 


REF102A, B, C 



■ ■ 





jH .. ; 


H . 

°C 

REF102R, S 



■ | 


B 

| | 


■ 

I 1 




‘Specifications same as REF 1 02A/R. 

NOTES: (1) The “box” method is used to specify output voltage drift vs temperature. See the Discussion of Performance section. (2) Typically 5ppm/1000hrs after 
168hr powered stabilization. (3) Trimming the offset voltage affects drift slightly. See Installation and Operating Instructions for details. (4) With noise reduction pin 
floating. See Typical Performance Curves for details. 


ORDERING INFORMATION 


MODEL' 1 ' 

PACKAGE 

TEMP 

RANGE 

MAX INITIAL 
ERROR (mV) 

MAX DRIFT 
(ppm/°C) 

REF102AU 

SOIC 

-25 to +85°C 

±10 

±10 

REF102AP 

Plastic DIP 

-25 to +85°C 

±10 

±10 

REF102BP 

Plastic DIP 

-25 to +85°C 

±5 

±5 

REF102AM 

Metal TO-99 

-25 to +85°C 

±10 

±10 

REF102BM 

Metal TO-99 

-25 to +85°C 

±5 

±5 

REF102CM 

Metal TO-99 

-25 to +85°C 

±2.5 

±2.5 

REF102RM 

Metal TO-99 

—55 to +125°C 

±10 

±10 

REF102SM 

Metal TO-99 

-55 to +125°C 

±5 

±5 


PIN CONFIGURATIONS 


ABSOLUTE MAXIMUM RATINGS 


Top View 

P, U Package 


NC 5 

W 

U Noise Reduction 

V+ [I 


3 NC 

NC 5 


3 v OUT 

Com [4 


H Trim 


M Package 


Noise Reduction I 

NC 


NC 

/ 

1 o 0 0 7 

\ 

V+ 20 0 6 V OUT 

NO" 


Trim 


Common 



Input Voltage +40V 

Operating Temperature 

P.U — 25°C to +85°C 

M -55°C to +125°C 

Storage Temperature Range 

P,U -40°C to +85°C 

M -65°C to +150°C 

Lead Temperature (soldering, 10s) +300°C 

(SOIC 3s) +260°C 

Short-Circuit Protection to Common or V+ Continuous 
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Output Voltage Change (pV) 


For Immediate Assistance, Contact Your Local Salesperson 


TYPICAL PERFORMANCE CURVES 

T a = +25°C, V s = +15V unless otherwise noted. 


L Time (5ps/div) 

Power Turn-On 



POWER TURN-ON RESPONSE 



POWER TURN-ON RESPONSE with IpF Cn 


L Time (lOms/div) 

Power Turn-On 




1 100 Ik 10k -5 0 +5 +10 

Frequency (Hz) Output Current (mA) 


RESPONSE TO THERMAL SHOCK 




-75 -50 -25 0 +25 +50 +75 +100 +125 

Temperature (°C) 
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TYPICAL PERFORMANCE CURVES (CONT) 


T a = +25°C, V s = +15V unless otherwise noted. 


TYPICAL REF102 REFERENCE NOISE 



Low Frequency Noise (Is /div) 
(See Noise Test Circuit) 



Noise Test Circuit. 


THEORY OF OPERATION 

Refer to the diagram on the first page of this data sheet. The 
10V output is derived from a compensated buried zener 
diode DZ P op amp A,, and resistor network R-R 6 . 

Approximately 8.2V is applied to the non-inverting input of 
A, by DZ r R p R 2 , and R 3 are laser-trimmed to produce an 
exact 10V output. The zener bias current is established from 
the regulated output voltage through R 4 . R 5 allows user- 
trimming of the output voltage by providing for small 
external adjustment of the amplifier gain. Because the TCR 
of R 5 closely matches the TCR of R,, R 2 and R 3 , the voltage 
trim has minimal effect on the reference drift. The output 
voltage noise of the REF102 is dominated by the noise of 
the zener diode. A capacitor can be connected between the 
Noise Reduction pin and ground to form a low-pass filter 
with R 6 and roll off the high-frequency noise of the zener. 

DISCUSSION 
OF PERFORMANCE 

The REF 102 is designed for applications requiring a preci- 
sion voltage reference where both the initial value at room 
temperature and the drift over temperature are of importance 
to the user. Two basic methods of specifying voltage refer- 
ence drift versus temperature are in common usage in the in- 
dustry — the “butterfly method” and the “box method.” The 
REF 102 is specified with the more commonly used “box 
method.” The “box” is formed by the high and low specifi- 
cation temperatures and a diagonal, the slope of which is 
equal to the maximum specified drift. 

Since the shape of the actual drift curve is not known, the 
vertical position of the box is not exactly known either. It is, 
however, bounded by V uppER B0UND and V L0WER BOUND (see 
Figure 1). Figure 1 uses the REF102CM as an example. It 
has a drift specification of 2.5ppm/°C maximum and a 
specification temperature range of -25°C to +85°C. The 
“box” height, V, to V 2 , is 2.75mV. 



FIGURE 1. REF102CM Output Voltage Drift. 


INSTALLATION AND 
OPERATING INSTRUCTIONS 

BASIC CIRCUIT CONNECTION 

Figure 2 shows the proper connection of the REF 102. To 
achieve the specified performance, pay careful attention to 
layout. A low resistance star configuration will reduce volt- 
age errors, noise pickup, and noise coupled from the power- 
supply. Commons should be connected as indicated being 
sure to minimize interconnection resistances. 

OPTIONAL OUTPUT VOLTAGE ADJUSTMENT 

Optional output voltage adjustment circuits are shown in 
Figures 3 and 4. Trimming the output voltage will change 
the voltage drift by approximately 0.008ppm/°C per mV of 
trimmed voltage. In the circuit in Figure 3, any mismatch in 
TCR between the two sections of the potentiometer will also 
affect drift, but the effect of the ATCR is reduced by a factor 
of five by the internal resistor divider. A high quality poten- 
tiometer, with good mechanical stability, such as a cermet, 
should be used. The circuit in Figure 3 has a minimum trim 
range of ±300mV. The circuit in Figure 4 has less range but 
provides higher resolution. The mismatch in TCR between 
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FIGURE 2. REF102 Installation. 


<>v+ 

n+ ipF 

■L 2 . ~T~ Tantalum 


REF102 


V 0 UT 
6 


V TRIM 

5 


20kQ 

Output 

Voltage 

Adjust 


— o 
+10V 
9 


Minimum range (±300mV) and mimimal 
degradation of drift. 


FIGURE 3. REF102 Optional Output Voltage Adjust. 


to the figure on the first page of the data sheet) and attenu- 
ates the high-frequency noise generated by the zener. Figure 
5 shows the effect of a l|iF noise reduction capacitor on the 
high frequency noise of the REF 102. R 6 is typically 7kQ so 
the filter has a -3dB frequency of about 22Hz. The result is 
a reduction in noise from about 800pVp-p to under 200p 
Vp-p. If further noise reduction is required, use the circuit in 
Figure 14. 



FIGURE 5. Effect of lpF Noise Reduction Capacitor on 
Broadband Noise (f_ 3dB = 1MHz). 

APPLICATIONS INFORMATION 

High accuracy, extremely low drift, outstanding stability, 
and low cost make the REF 102 an ideal choice for all instru- 
mentation and system reference applications. Figures 6 
through 14 show a variety of useful application circuits. 



FIGURE 4. REF 102 Optional Output Voltage Fine Adjust. 


R s and the internal resistors can introduce some slight drift. 
This effect is minimized if R s is kept significantly larger 
than the 50kG internal resistor. A TCR of 100ppm/°C is 
normally sufficient. 

OPTIONAL NOISE REDUCTION 

The high-frequency noise of the REF 102 is dominated by 
the zener diode noise. This noise can be greatly reduced by 
connecting a capacitor between the Noise Reduction pin and 
ground. The capacitor forms a low pass filter with R 6 (refer 



FIGURE 6. -10V Reference Using a) Resistor or b) OPA27. 
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FIGURE 8. Strain Gauge Conditioner for 350Q Bridge. 




See AB-005 for more details. 


FIGURE 9. ±10V Reference 



FIGURE 10. Positive Precision Current Source. 
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> 31.4V to 56V 
2 




FIGURE 13. +5V and +10V Reference. 


NOTES: (1 ) REF1 02s can be stacked to obtain voltages in multiples of 1 0V. 
(2) The supply voltage should be between lOn + 1 .4 and lOn + 26 where n 
is the number of REF102S. (3) Output current of each REF102 must not 
exceed its rated output current of +10, -5mA. This includes the current 
delivered to the lower REF1 02. 
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UAF42 


ADVANCE INFORMATION 
SUBJECT TO CHANGE 


UNIVERSAL ACTIVE FILTER 


FEATURES 

• VERSATILE FUNCTION 
LOW-PASS, HIGH-PASS 
BAND-PASS, BAND-REJECT 

» SIMPLE DESIGN PROCEDURE 

• ACCURATE FREQUENCY AND Q 
INCLUDES ON-CHIP TODOpF ±0.5% 
CAPACITORS : 


APPLIi^lONS 


• TEST EQUIPMENT 

• COMMUNICATIONS EQUIPMENT 
1 MEDICAL INSTRUMENTATION 

• DATA ACQUISITION SYSTEMS 

• MONOLITHIC REPLACEMENT FOR UAF41 


DESCRIPTION 

The UAF42 is a universal active filter which can be con- 
figured for a wide range, of low-pass, high-pass, and 
band-pass filters. It uses a classical state-variable ana- 
log architecture with aninverting amplifier and two in- 
tegrators. The integrators include on-chip lOOOpF ca- 
pacitors trimmed to 0.5%. This solves one of the mbst 
difficult problems of active filter design^^lpbtaining 
tight tolerance, low-loss capacitors, • •. 

Simple design procedures allow easy implementation 
of many filter types such as Butterworfh, Bessel, 
Chebyshev and Gaussian; A fourths uncommitted FET- 


input op amp (identical to the other three) can be used 
.to form additional stages, or for special filter types such 
; as band-reject and elliptic. 

The classical topology of the UAF42 forms a continu- 
ous filter, free from the anomalies and switching noise 
associated with switched-capacitor filter types. 

The U AF42 is available in a 1 4-pin plastic DIP and side- 
brazed ceramic packages, specified for the -25°C to 
+85°C temperature range. 


• R - 50KP ±0.5% 
lOOOpF ±0.5% 


Band-Pass 

Out 



Gnd V+ V- 
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SPECIFICATIONS 


T a = +25°C, V s = ±15V unless otherwise noted. 




UAF42AP, AG 


PARAMETER 

CONDITION 

MIN 

TYP 

MAX 

UNITS 

FILTER PERFORMANCE 

Frequency Range 



0 to 100 


kHz 

Frequency Accuracy 




1 

% 

vs Temperature 



0.01 


%/C 

Maximum Q 



500 


— 

Maximum (Q • Frequency) Product 



500 


kHz 

Q vs Temperature 

(f 0 * Q) < 10* 


0.01 


%/°C 


(f 0 ’ Q) < io 5 


0.025 


%/°C 

Q Repeatability 

(f 0 « Q) < 10* 


10 


% 

Offset Voltage, Low-Pass Output 




±5 

mV 

Resistor Accuracy 



0.5 


% 

OFFSET VOLTAGE'” 

Input Offset Voltage 



±0,5 - 

\±5 

mV 

vs Temperature 



±3 


pV/°C 

vs Power Supply 

±6 to ±18V: ; 

80 

............ 96 


dB 

INPUT BIAS CURRENT” 

Input Bias Current 




\, 50 : : i 

pA 

Input Offset Current 

V CM = % ' 


5 


pA 

NOISE'” 

Input Voltage Noise 





nV/VHz 

Noise Density: f = 10Hz 



50 


f = 10kHz 



i&i|::,l8 


nV/VHz 

Voltage Noise: BW = 0.1 to 10Hz 

Input Bias Current Noise 


if vf , 

<Cg;2. .. 


pVp-p 

fAA/Hz 

Noise Density: f = 10kHz Xf 



2 


INPUT VOLTAGE RANGE'” 

Common-Mode Input Range 't 



±11.5 


V 

Common-Mode Rejection 

v^»;.±iov v -p'n : 

|||:::: :; .80 #" 

96 


dB 

INPUT IMPEDANCE'” : v 

Differentia! 



10' 3 || 2 


ft II PF 

Common-Mode 



10 13 || 6 


ft II PF 

OPEN-LOOP GAIN*” 

Open-loop Voltage Gain 

V u = ±10V, R L « 2k n 

90 

120 


dB 

FREQUENCY RESPONSE'” 

Slew Rate 



10 



Gain-Bandwidth Product 

: G •#? +1 


4 



Total Harmonic Distortion "W 

G*+1,'f«1kHz 


0.0004 



OUTPUT” 

Voltage Output 

'lllll • ; R L =2kO 

±n 

±11.5 


V 

Short Circuit Current 



±25 


mA 

POWER SUPPLY 

Specified Operating Voltage 



±15 


V 

Operating Voltage Range 


±6 


±18 

V 

Current : : 1 



±6 

±7 

mA 

TEMPERATURE RANGE 

Specification 






ap, ag • \ 


-25 


+85 


Operating , AG 

Storage 


-55 


+125 

H 

ap " : «ir 






ag ":§F 






Thermal Resistance, 0 JA 





m 


NOTES: (1) Specifications apply to uncommitted op amp, A4. The three op amps forming the filter are identical to A4 and are tested as a complete filter. 
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DIGITAL-TO-ANALOG CONVERTERS 


Burr-Brown offers a broad variety of Digital-to- Analog (D/A) converter 
products engineered to meet the most critical requirements for stability and 
reliability. 

General purpose instrumentation D/As range in resolution from 12 to 18 
bits. These models include industry standard products — many originated by 
Burr-Brown — as well as more complete, higher accuracy solutions. Burr- 
Brown’s products are carefully designed and manufactured to minimize 
product variations, making them ideal for test equipment, process control, 
and other industrial and analytical applications. 

PCM D/A converters are designed and tested to deliver excellent dynamic 
performance. The resolutions of these products are 16 and 18 bits. Typical 
applications are compact disc players, digital frequency synthesis, and 
telecommunications systems. 

High-speed D/A converters offer very fast settling current output. Models 
are available with TTL or ECL logic inputs. These products are ideal for 
very high frequency synthesis and control systems. 
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DIGITAL-TO-ANALOG CONVERTERS 
SELECTION GUIDES 

The Selection Guides show parameters for the high grade. Refer to the Product 
Data Sheet for a full selection of grades. Models shown in boldface are new 
products introduced since publication of the previous Burr-Brown IC Data 
Book. 


INSTRUMENTATION DIGITAL-TO-ANALOG CONVERTERS 




Boldface = NEW 

Description 

Resolution 
Model (Bits) 

Settling 

i Linearity Time Output 

Error (%FSR) (ps) Range 

Temp 

Range (1) 

Pkg (2> 

Q, Bl< 3 > 
Screen 

Page 

No. 

Very High 
Resolution 

DAC729 

18 

±0.00075 

5 ±1mA, -2mA; Com 

+5V, +10V, ±5V, ±1 0V 

DDIP 

Bl 

6.1-80 

General 

DAC700 

16 

±0.0015 

1 

-2mA 

Com, Ind, Mil 

DDIP 

Q, Bl 

6.1-43 

Purpose 

DAC701 

16 

±0.0015 

8 

+10V 

Com, Ind, Mil 

DDIP 

Q, Bl 

6.1-43 


DAC702 

16 

±0.0015 

1 

±1mA 

Com, Ind, Mil 

DDIP 

Q, Bl 

6.1-43 


DAC703 

16 

±0.0015 

8 

±10V 

Com, Ind, Mil 

DDIP, SO 

Q, Bl 

6.1-43 

Low DLE 

DAC710 

16 

±0.0015 

8 typ 

±1mA 

Com 

DDIP 



6.1-65 

Around Zero 

DAC711 

16 

±0.0015 

8 typ 

±10V 

Com 

DDIP 

— 

6.1-65 

Lowest Cost 

D AC 1600 

16 

±0.003 

8 typ 

±10V 

Com 

DDIP 

— 

6.1-108 

Bus Interface: 










16-Bit Parallel 

DAC707 

16 

±0.003 

8 

±10V 

Com, Ind, Mil 

DDIP 

Q, Bl 

6.1-53 

Serial/8-bit Parallel DAC708 

16 

±0.003 

1 

±1mA,-2mA 

Com, Ind, Mil 

DDIP 

Q, Bl 

6.1-53 

Serial/8-bit Parallel DAC709 

16 

±0.003 

8 

±5V, ±10V, +10V Com, Ind, Mil 

DDIP 

Q, Bl 

6.1-53 

Dual,Ser./8-bit Par. DAC725 

16 

±0.003 

8 

±10V 

Com, Ind 

DDIP 

Bl 

6.1-72 

Industry Standard, DAC70BH 

16 

±0.003 

1 

±1 mA, -2mA 

Ind 

DDIP 

Bl 

6.1-5 

General Purpose 

DAC71 

16 

±0.003 

8 

±1mA, -2mA; 

Com 

DDIP 

Bl 

6.1-13 






+10V, ±10V 






DAC72BH 

16 

±0.003 

1 

" 

Ind 

DDIP 

Bl 

6.1-5 

Industry Standard 

DAC7541A 

12 

±0.012 

1 

0 to 1 mA 

Com, Ind, Mil 

DDIP, SO 

Q, Bl 

6.1-112 

Ind. Std. w/Latch 

DAC7545 

12 

±0.012 

2 

0 to 1 mA 

Com, Ind, Mil 

DDIP, SO 

Bl 

6.1-120 

Dual w/Bus Interface: 









Serial Input 

DAC7800 

12 

±0.012 

0.8 

Oto 1mA 

Com 

DIP, SO 

— 

S6.1-17 

8-bit Port Interface DAC7801 

12 

±0.012 

0.8 

Oto 1mA 

Com 

DIP, SO 

— 

S6.1-17 

12-bit Port Interface DAC7802 

12 

±0.012 

0.8 

Oto 1mA 

Com 

DIP, SO 

— 

S6.1-19 

Flexible Bus Interface: 









Industry Standard 

DAC667 

12 

±0.006 

4 

±2.5V, ±5V,±10V Com, Ind, Mil 

DIP, SO 

— 

S6.1-5 

Pinout 





+5V, +10V 






DAC811 

12 

±0.006 

4 

±5V, ±10V, +10V Com, Ind, Mil 

DDIP, SO 

Bl 

6.1-90 

Small, Low Cost 

DAC813 

12 

±0.006 

4 

±5V, ±10V, +10V Com, Ind, Mil 

DIP, SO 

— 

S6.1-7 

Lowest Cost 

DAC1201 

12 

±0.018 

4 typ 

±5V, ±1 0 V, +1 0V Com 

DDIP 

— 

6.1-103 

Industry Standard, DAC80 

12 

±0.012 

0.3, 

±1mA, -2mA; +5V, Com 

DDIP 

Bl 

6.1-27 

General Purpose 




3 typ 

+10V, ±5V, ±10V 






DAC85H 

12 

±0.012 

" 

" 

Ind 

DDIP 

Q, Bl 

6.1-35 


DAC87H 

12 

±0.012 

" 

" 

Mil 

DDIP 

Q, Bl 

6.1-35 


NOTES: (1 ) Temperature Range: Com = 0°C to +70°C, Ind = (-25°C to +85°C) or {-40°C to +85°C), Mil = -55°C to +1 25°C. (2) 
DIP = 0.3" wide DIP, DDIP = 0.6" wide DIP, SO = small outline surface mount. (3) Q indicates that optional reliability screening is 
available for the model. Bl indicates that an optional 160 hour burn-in is available for the model. 
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AUDIO AND COMMUNICATIONS DIGITAL-TO-ANALOG CONVERTERS Boldface = NEW 


Model 

Resolution 

(Bits) 

MaxTHD + N 
(V out =FS) 

Output 

Range 

Input 

Format 

Power 

Supply 

(V) 

Packaged 

Power 

Dissipation 

(mW) 

Page 

No. 

PCM53 

16 

-88dB (JP) 
-92dB (KP) 

±10V, ±1mA 

Parallel 

±15, +5 

DDIP 

600 

6.2-152 

PCM54 

16 

-82dB (HP) 
-88dB (JP) 
-92dB (KP) 

±3V, ±1mA 

Parallel 

±5 to ±12 

DDIP 

300 

6.2-164 

PCM55 

16 

-82dB (HP) 
-88dB (JP) 

±3V,±1mA 

Parallel 

±5 

SO 

125 

6.2-164 

PCM56 

16 

-82dB (P) 
-88dB (P-J) 
-92dB (P-K) 

±3V, ±1mA 

Serial 

Latched 

±5 to ±12 

DIP 

260 

6.2-172 

PCM60 

16 

~82dB (P) 
-86dB (P-J) 

2.8Vp-p, 

2-Channel 

Serial 

Latched 

+5 

SO 

50 

S6.2-27 

PCM66 

16 

-82dB (P) 

2.8Vp-p, 

2-Channel 

Serial 

Latched 

+5 

so 

50 

S6.2-27 

PCM1700 

18 

-82dB (P) 
-88dB (P-J) 
-92dB (P-K) 

±3V, ±0.67mA 

Serial 

Latched 

±5 

DDIP 

380 

S9.2-183 

PCM58 

18 

-92dB (P) 
-94dB (P-J) 
-96dB (P-K) 

±1mA 

Serial 

Latched 

+5, -12 

DDIP 

400 

6.2-180 

S6.2-35I 

PCM61 

18 

-82dB (P) 
-88dB (P-J) 
-92dB (P-K) 

±3V, ±1mA 

Serial 

Latched 

±5 to ±12 

DDIP 

200 


PCM63 

20 

-88dB (P) 
-92dB (P-J) 
-96dB (P-K) 

±2mA 

Latched 

±5 

DDIP 

200 

S6.2-39 

PCM64 

18 

-96dB 

±1mA 

Parallel 

+5, -15 

DIP 

400 

6.2-194 

NOTES: 

(1) DIP = 0.3" 

wide DIP, DDIP 

= 0.6" wide DIP, SO 

= Small Outline Surface Mount. 
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DIGITAL SIGNAL PROCESSING DIGITAL-TO-ANALOG CONVERTERS 



Boldface = NEW 

Reso- Linearity 

lution Error 

Model (Bits) (%FSR) 

Settling 
Time (ps) 

Output 

Range 

Signal- 
to-Noise 
+ Distortion 
Ratio (dB) 

Total 

Harmonic 

Distortion 

(dB) 

Temp 

Range* 1 ’ 

Pkg (2) 

Page 

No. 

DSP-Compatible Digital Interface (Single — DSP201, Dual — DSP202): 

DSP201 18 ±0.006 — ±3V 86, f olJT = 2kHz 

DSP202 18 ±0.006 — ±3V 86, f ol/T = 2kHz 

-90 

“90 

Ind 

Ind 

DDIP 

DDIP 

S14-16 
SI 4-16 

Ultra-Fast Settling, ECL Input: 
DAC65 12 ±0.012 

DAC63 12 ±0.012 

40ns 

50ns 

±1.2V, ±6.35mA 
±5mA, 0 to -1 0mA 
±0.5V, 0 to +1.5V 
with internal resistor 

70,f OUT = 1MHz 

-68 

Com 

Ind 

DDIP 

DDIP 

6.2- 143 

6.2- 135 

Ultra-Fast Settling, TTL Input: 
DAC812 12 ±0.012 

50ns 

±5mA, 0 to -1 0mA 
±0.5V, 0 to —1.5V 
with internal resistor 

— 

— 

Ind 

DDIP 

6.2-146 


NOTES: (1 ) Com = 0°C to +70°C, Ind = (-25°C to +85°C) or (-40°C to +85°C). (2) DDIP « 0.6" wide DIP. 


MODELS STILL AVAILABLE BUT NOT FEATURED IN THIS BOOK 


DAC10HT 

DAC90BG 

DAC90SG 

DAC800P-CBI-V 

DAC800P-CBI-I 

DAC800-CBI-V 

DAC800-CBI-I 

DAC850-CBI-V 

DAC850-CBI-I 

DAC851-CBI-V 

DAC851-CBI-I 
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DAC667 


ADVANCE INFORMATION 
SUBJECT TO CHANGE 


Microprocessor-Compatible 
12-BIT DIGITAL-TO-ANALOG CONVERTER 


FEATURES 

• ±1/2LSB MAX NONLINEARITY OVER TEMP; 

• MONOTONICITY GUARANTEED OVER 
TEMPERATURE 

• MICROCOMPUTER INTERFACE: 
DOUBLE-BUFFERED LATCH | 

• VOLTAGE OUTPUT: ±10V, ±5V, +iOV " V~ 
WITH ±11.4V SUPPLIES 

• GUARANTEED SPECS AT +12V AND ±15V 
SUPPLIES, NO 5V SUPPLY REQUIRED 

m LOW POWER DISSIPATION: 250mW Mbx 

• TTL/5V CMOS-COMPATIBLE LOGIC INPUTS 

• PIN COMPATIBLE WITH AD667 

• 28-PIN 600 MIL WIDE CERAMIC OR 

plastic dip Package 

DESCRIPTION 

The DAC667 is a complete: monpljtfiic integrated 
circuit microcomputer 12-bit digital-to-analog con- 
verter. It includes a precision voltage reference, mi- 
crocomputer interface logic, double-buffered latch, 
and a 12-bit D/A converter with a voltage output 


Ref Out \W 


amplifier. Fast current switches and a laser-trimmed 
thin-film resistor network provide a highly^ accurate 
land fast D/A converter. 

A double-buffered latch facilitates microcomputer 
interfacing. The design of the input latch allows direct 
interface to 4-, 8-, 12-, or 16-bit data buses. The input 
buffer latches hold the 12-bit data until able to transfer 
to an internal 42-bit D/A converter latch, giving pre- 
cise timing control over analog output change. 

Input gating logic is designed so that loading of data 
can be accomplished simultaneously with the transfer 
of data (previously stored in adjacent latches) from 
.input latches to the D/A latch. This feature avoids 
spurious analog output values while using an interface 
technique that saves computer instructions. The digital 
feedthrough of the DAC667 is minimized by the lack 
of high-impedance pins to pick up noise and by the use 
| Of separate digital supply and ground pins (+V D and 
DCOM). 

The DAC667 is specified to ±1/4LSB maximum lin- 
earity error (B and K grades) at 25°C and ±1/2LSB 
maximum over the temperature range. All grades are 
guaranteed monotonic over the specification tempera- 
ture range. The DAC667 is available in two perform- 
ance grades and in plastic and ceramic package types. 


Refln [7} 


T) 20V Span 

7 ] 10V Span 
7 ] Sum Jet 



|28]|27j(26][25j [24J [23j [22j [2lJ [goj [l_9j [l8j ll7) 

Bit 1 1 Bit 8 Bit 7 Bit 4 Bit 3 Bit 0 

(MSB) (LSB) 
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SPECIFICATIONS 

ELECTRICAL 

T a = +25°C. +V CC , -V EE = ±12V or ± 15V and load on = 5kfl to ground unless otherwise noted. 



‘Same as specification for DAC667AH, JP; 

NOTES: (1) Adjustable to zero with external trim potentiometer. (2) FSR means Full Scale Range and is 20V for the ±10V range. 


ABSOLUTE MAXIMUM RATINGS 


+V CC to Power Ground... 0 to +18V 

-V cc to Power Ground 0 to -18V 

Digital Inputs (pins 11-15, 17-28) to Power Ground -1.0V to +7 ,0V 

External Voltage Applied to BPO Span Resistor .±18V 

Ref In to Reference Ground ±12V 

Bipolar Offset to Reference Ground ±12V 

10V Span Resistor to Reference Ground ±12V 

20V Span Resistor to Reference Ground ±24 V 


Ref Out, V^ (Pins 6, 9) Indefinite Short to Power Ground 


Ref Out, V^ (Pins 6, 9) Momentary Short to +V 

Power Dissipation lOOOmW 

Lead Temperature (soldering 10s) +300°C 

Max Junction Temperature 165°C 

Thermal Resistance, 6^: Plastic DIP 130°C/W 

Thermal Resistance, 0 JA : Ceramic DIP 85°C/W 


NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. Exposure to absolute 
maximum conditions for extended periods may affect device reliability. 
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DAC813 


ADVANCE INFORMATION 
SUBJECT TO CHANGE 


Microprocessor-Compatible 
12-BIT DIGITAL-TO-ANALOG CONVERTER 


FEATURES 


• ±1/2LSB NONLINEARITY OVER 
TEMPERATURE 

• GUARANTEED MONOTONIC OVER 
TEMPERATURE 

• LOW POWER: 270mW max 

• DIGITAL INTERFACE DOUBLE .' 5 '.?. 
BUFFERED: 12 AND 8 + 4 BITS 

• SPECIFIED AT ±12V AND +15V POWER 
SUPPLIES 

• RESET FUNCTION TO BIPOLAR ZERO 

• 0.3" WIDE DIP AND SO PACKAGES 


DESCRIPTION, ^ 

The DAC813 is a complete monolithic 12-bit digital* 
to-analog converter witfe a flexible digital interface. It ; 
includes a precision +iOV reference, interface control i 
logic, double-buffered latch and a 12-bit D/A con- 


verter with voltage output operational amplifier. Fast 
current switches and laser-trimmed thin-film resistors 
provide a highly accurate, fast D/A converter. 

Digital interfacing is facilitated by a dbqble buffered 
latch* The input latch consists of one 8-bit byte and 
one 4-bit : nibble to allow interfacing to 8-bit (right 
justified format) or 1 6-bit data : buses. Input - gating 
logic is designed so that: the last nibble or byte to be 
loaded can be loaded simult^ouislyiiwith the transfer 
of data to the D/A latch saving comjputer: instructions. 

|§A reset comroj iedjows -the DAG8I3 D/A latch to 
asynchronously reset the D/A jputput tO bipolar zero, a 
feature useful for power-up reset, recalibration, or for 
systetrt re-initialization upon system failure. 

The DAC813 is specified 10 ±1/2LSB maximum lin- 
earity error (I, A grades) and ±1/4LSB (K, B grades). 
It is packaged iii a 28-pin 0.3" wide ceramic DIP 

! (r-2i°C to +85°C specification temperature range), 28- 
pin 0.3" wide plastic DIP and 28-lead plastic SO (0°C 
tO+70°C)*: : : 
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SPECIFICATIONS 


ELECTRICAL 

T a = +25°C, » ±12V or ±15V and load on V 0UT = 5kfl to ground unless otherwise noted. 




| DAC813AH, JP, 

JU 

DAC813BH, KP 

, KU | 


PARAMETER 

CONDITIONS 


TYP 

MAX 

mum 



UNITS 

DIGITAL INPUT 

Resolution 

Codes' 11 

Digital Inputs Over Temperature Range' 21 



USB, BOB 

12 

■ 

1 

I 

Bits 

V,„ 


+2 


+5.5 




VDC 

V* 


mW- 


+0.8 


H 

■ 

VDC 

DATA Bits 

l w . V* = +2.7V 



±10 

H H 

H 


MA 


Ie- V* - +0.4V 



±10 

■ ■ 

■ ■ 


pA 

WR. Reset, LDAC, LMSB, LLSB 

W V w - +2.7 V 



±10 

■ ■ 

H 

IkH| 

pA 


V. v w = +0.4V 



±10 


■ ■ 

Wmm 

pA 

ACCURACY 

Linearity Error 


■ 

*1 ii::. 

±1/2 


±1/8 

±i/$ 

LSB 

Differential Linearity Error 




'*±3/4 


±1/4 

±1/2 ... 

LSB 

Gain Error' 31 



• ±0.05 

.,. &X2 


* 


% 

Unipolar Offset Error' 4 ’ 



±0.01 : 

±0.02 


* •;* 


Of FSR'*’ 

Bipolar Zero Error' 51 



±0.02 

iii&s. 



km 

% Of FSR 

Monotonicity 


ms 

Guaranteed 






Power Supply Sensitivity: +\/ cc 

20V Range 

immmm 

''#1-5 

:. 10 



.. j :i - * \ 

pprn ofFSFt/% 

“Vcc 



: t 

JO 




ppm of FSR/% 

DRIFT 

Over Specification^:; 

SHpii 



■pr ^ 




Gain 

Temperature Range 



±30 



±15 ii 

f3pm/°C 

Unipolar Offset 


i^pnii 

ml 

±3 , 

fm 



ppm of FSR/°C 

Bipolar Zero 



K 1 

±10::# 

SR 



ppm of FSR/°C 

Linearity Error Over Temperature Range 


HHE? 


±at# 

ItIPSBB 


±1/2" 

LSB 

Monotonicity Over Temperature Range 


BIMi 







SETTLING TIME' 7 ’ (To Within ±0.01% of 


WIBM 




mmm 



FSR of Final Value; 

5kfl || 500pF load) ... 


p 

■ 


■ 

■ 



For Full Scale Range Change 

20V Range 






• 

ps 


10V Range 

§ 



llliiiH 

all 

* 

ps 

For 1LSB Change at Major CarrV«’^3^ x "J 


■ 

'j*:-# 





ps 

Slew Rate 


■Hi 

I??:, ■'tNlIl 





V/ps 

ANALOG OUTPUT 

Voltage Range: Unipolar 

> ±11.4V 


Otfc+IO 

■ 

p 

p 


V 

Bipolar 

: ±v cc >±n.4v 


±5, ±10 : ;• 





V 

Output Current 



|* | ijp| 

H . ■ 

H H 


mA 

Output Impedance 

At DC 


.0.2 . 

Ip 

■ ■ 



Q 

Short Circuit to Common Duration 



. IndeSmte 

■ ■ 

■ 




REFERENCE VOLTAGE 

Voltage 


l:+9.9$ 



p 

p 

. 

■■ 

Source Current Available for External Loads 


• 5 j 







Impedance 





■ 

SHHE 


Hj 1 1 

Temperature Coefficient 





H 


±25 


Short Circuit to Common Duration 





■ 

■ 


Hi 

POWER SUPPLY REQUIREMENT!! 

Voltage: tV^. 


+11.4 

+15 

+16.5 


p 

p 

VDC 

"Vcc 



-15 

-16.5 




VDC 

Current: +V CC 

:•;! No Load 

HTT"\ 

10 

13 

H 


■ 

mA 

"Vcc 

‘ No Load 


-5 

-6 


^p 1 1 

— 

mA 

Potential at DCOM with Respect to ACOM'®’ 




+3 


H 


V 

Power Dissipation 


mm 

225 

270 

■ 



mW 

TEMPERATURE RANGE 

Specification: J, K 


0 

wm 


p 

p 

p 

H 

A. B 


-25 







Storage: J, K 


-60 

H 



■ 



A, B 


-65 

■ 



■wjHcf 




‘Same as specification for DAC813AH, JP, JU. 

NOTES: (1) USB = Unipolar Straight Binary: BOB = Bipolar Offset Binary. (2) TTL and 5V CMOS compatible. (3) Specified with 500Q Pin 6 to 7. Adjustable to zero 
with external trim potentiometer. (4) Error at input code 000 HEX for unipolar mode, FSR = 10V. (5) Error at input code 800^ for bipolar range. Specified with 100a 
Pin 6 to 4 and with 500Q pin 6 to 7. See page 9 for zero adjustment procedure. (6) FSR means Full Scale Range and is 20V for the ±10V range. (7) Maximum 
represents the 3o limit. Not 100% tested for this parameter. (8) At the major carry, 7FF HEX to 800^ and 800^ to 7FF Hex . (9) The maximum voltage at which ACOM 
and DCOM may be separated without affecting accuracy specifications. 
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MECHANICAL 


H Package — 0-3” 28-Pln Hermetic DIP 



■i 

■niiHi 


fH 

EM 

ESI 

BM1 

ESS 

mm 

lEU 

inn 


EE! 


El 

ebm 


OBI! 

k5 

HH 

hesm 

E3H 

EES 

JEH 

El 

EM 

ESDI 

ESH 

HU 

HiHiTMSH 


eh 


KEB 

HIH 

EM 


EES3H 


HEM 

CEM 

H 

HEH 

HEEl 

in Mi 

ebh 

mm 

E3 


WFrM 

EHH 

mm 

E9 

wm 

1IEEH 



NOTE: Leads In true 
position within 0.01” 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown (or 
reference only. 
Numbers may not be 
marked on package. 
Metal lid connected 
to -V™ 



P Package — 0.3" 28-Pln Plastic DIP 



mm 

HSGMSMI 

WMEssm' 

m 

EM 

MUM 

PHH 



EESJ 

vm 



m 

wsm 

m 

Mm 

WttM 

HU 


WHM 

MM 

HEM 

HU 

mm 

mm 

wm 

mm 

HH 


EEBil 

Ol 

K!H 

HU 

lira 

MMM: 

IB 

EH 

wm 

MM 


\mm 

mm 

EM 


M 229 

mm 



KS 

% ' 

mm 

Kan 

iM 

\,mm 


mm 

EEH 

EEJI 

mm 

mm 

HI M 

wtm 

HEM 


NOTE: Leads in true - : 
position, within o.or 
i; (0.25mnfi)R at MMC 
. at seating plane. Pin 
;numbersshown for 
reference only. 
Numbers may not be 
marked on package. 



Seating Plane. 


a 






U Package — 28-Pin Plastic SOIC 



HE 

HEHIUHI 

mawagfisHi 


EH 

WTIVM 

EH 

H. V 7A?1 

n 

El 

d 

iw 

da 


eh 


KEM 

El 

H3H 

K1 

heh 

El 

eei 

h*hi 

mmmm 

HWIi 

EH 

HE5E53I 


n 

w< l 's-d 


MEM 

EM 

HDH 

KVM 



EHM 

H 

mvM 

HU 


ra 

EH 

HE&H 

HEGEHl! 

HH 

K5M 

dtrikM 



NOTE: Leads in true 
position within 0.01* 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
marked on package. 


IS 

IHIHIHt 

Ha 




. _ji 

D 

r-u-LT-^x 


V | 


1 
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MINIMUM TIMING DIAGRAMS 


PIN DESCRIPTIONS 


(Load first rank from Data Bus: LDAC - 1 ) 
H > 40ns - 



(Load second rank from first rank: LLSB, LMSB - 1 ) 



LLSB, LMSB. LDAC. WR - Don't Care 

I I 



2, 3 20V Range 


15 LL§||: ;; 

16 DCOi|| 

1.!jg| DO "f 

IIS ||1 

10 oo 

20 D3 

at D4 

:: 2f : III, 

23 ...Dpl|:, 

:24, 

25 OB 

.all m 

W' Dio 
% Dll 


DESCRIPTION 


This point is internally connected to +V 8 and is a 
decoupling point only. Separate bypass capacitors 
will minimize internal digital feedthrough to analog 
signals. 

Connect Pin 2 or Pin 3 to Pin 9 (V^) for a 20V 
FSR. Connect both to Pin 9 for a 10V FSR. 

Bipolar offset. Connect to Pin 6 (V^^) through 
100Q resistor or 200Q potentiometer for bipolar 
operation. 

Analog common, ±V CC supply return. 

+10V reference output. 

Connected to V^^ through a IkQ gain 
adjustment potentiometer or a 50012 resistor. 
Analog supply Input, nominally +12V to +15V 
referred to ACOM. 

D/A converter voltage outpyt. 

, Analog supply Input, nominally **12 V or -15 V 
rei%ed to ACOM. 

• ••Master enable for LDAQ, LLSB] and LMSB. Must 
. -be iow for data transfer to Shy latch, 
toad DAC.Mustbe low witoVYR. for data transfer 
to the D/A latch and simultaneous update of the D/ 
A converter, 

Wheiii tow, resets the D/A latch such that a Bipolar 
: 2ero output is produced. This control overrides all 
other data input operations. 

Enable tor 4-bit input fatehpf D8-D1 1 data inputs. 
Enable lot&bit input latch of D0-D7 data inputs. 
.Digital common. 

Data Bit 1, LSB, 

Data Bit 2. 

Data Bit 3. 

Data bI 4. 

Data Bit 5. 
p6ata Bit 6. 


Data Bit 10. 

Data Bit 11. 

Data Bit 12. MSB, positive true. 


ABSOLUTE MAXIMUM RATINGS 



to ACOM 0 to +18V 

-V*. to ACOM - ...0 to -18V 

+\z cc to -v^ - o to +36V 

ACOM to DCOM ; ±18V 

Digital Inputs (Pins 11-15, 17-28) to DCOM ±18V 

External Voltage Applied to BPO Spaa Resistor ±18V 

Vre F cxj T Indefinite Short to ACOM 

V CXJT Indefinite Short to ACOM 


Power Dissipation 750mW 

Lead Temperature (soldering, 10s) 4300°C 

Max Junction Temperature +165°C 

Thermal Resistance, 0^ A : Plastic DIP and SOIC 130°C/W 

Ceramic DIP 85°C/W 

NOTE: Stresses above those listed under "Absolute Maximum Ratings” may 
cause permanent damage to the device. Exposure to absolute maximum 
conditions for extended periods may affect device reliability. 



ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMPERATURE 

RANGE 

LINEARITY 
ERROR, MAX 
AT +25°C 

GAIN 

DRIFT 

(ppm/°C) 

DAC813JP 

Plastic DIP 

0°C to +70°C 

±1/2LSB 

30 

DAC813JU 

Plastic SOIC 

0°C to +70°C 

±1/2LSB 

30 

DAC813KP 

Plastic DIP 

0°C to +70°C 

±1/4LSB 

20 

DAC813KU 

Plastic SOIC 

0°C to +70°C 

±1/4LSB 

20 

DAC813AH 

Ceramic DIP 

-25°C to +85°C 

±1/2LSB 

30 

DAC813BH 

Ceramic DIP 

-25°C to +85°C 

±1/4LSB 

20 
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TYPICAL PERFORMANCE CURVES 


T a = +25°C, s ±15V unless otherwise noted. 


co 


5* 

g* 


t 10 

o 

E 

a 


POWER SUPPLY REJECTION vs 
POWER SUPPLY RIPPLE FREQUENCY 


nil 

ilium 

iiiiiim 

«» 

■ ■ 

II 

jjjjSj 

ilium 

IIIIIIBB 

IIIIIIIH 

IIISSSS 

hum 

mum 

■ ■Kill 

■iiiii 

iiiiii 

ilium 

■III 

IIIII 

raSSlili 

4UUUIU 

■ 

| 

1 

II 

!!■ 

■ 

|f 

[|||H 

■ 

HI!!! 

■ 

| 

i;i; 

a 

cram 

| 

■ 

mim 

■ ■ 

■ 1 

miss 

mini 

■ ■ 

■ 1 

ImSISSI 

HUM 

mini 

■ Sail 
■■»:; 

ii^a 

S 

■Sal 

■III 

= 

SSSSiSil 

■■iiiiii 

■ 

1 

; 

i; 

!!!■ 

1 

|l 

mm 

2 


8 

| 

!!!! 

8 

Hill 

ss 

5 

■ 

■ 

■■ 

■i 

jjjjgS 

■ 

■Si 

■ii 

iIIIm 

■ 

■Saili 

■IIIII 

iis 

■ 

sill 

■l»! 



Mill 

■ilium 

! 

■ 

■ 

;; 

Si 

■Hill 

■mum 

H HIIIBBBB 

m iiiiiiib 

IIIIH 

| 

■ 

iiiiii 

■■■in 

■IIIII 

jj— 

miiiiii 

i!l! 

MHBI 

»»■! 

■1111 

■ 

iiiiii 

35 Sail!! 
m ■■mi 
■ IIIIII 

■ 

■ 

i 

ii 

IIIH 

■ 

III 

ISIS 

■ 

iiiiii 

IS 

■ 

iiii 

■ 

■mini 


Ik 10k 

Frequency (Hz) 


E 

g 

| 


|£2, 


DIGITAL INPUT CURRENT 
vs INPUT VOLTAGE 

















LLSB 




r 


J 






T 

Liy 

ISB, LDAC, 

ii 









nr 





J 


JO 


Rose 

t 


1 


r 







l_ 



7~ 

. — 

— 

— 

-Data 

_ 

























2 4 
Input Voltage (V) 


CHANGE OF GAIN AND OFFSET ERROR 



\''^!!ll!;::;:60 

temperature (X) 


*&■,. It . 

ililia... 

M 

0 $ O. o 

;:;X' C Q 

id: 

I 8L. 

"2 a5& I 
<* £ 


0.5 

I 


volsii 




ooo 


INTEGRAL;tlNEAiF|riYi;ERROR| 







231 ll , 

H 

■ 

w mm 

Major Bi 

: t 

(Carries 

t 






400 800 COO 

Input Code (Hex) 


FFF 


10 15 

Time (ps) 



MAJOR CARRY GLITCH 



Time (ps) 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a - +25°C, V cc ■ ±15V unless otherwise noted. 


SETTLING TIME. +10V TO -10V 


SETTLING TIME, -1 OV TO +1 OV 



-1 01234567 

Time (|js) 


WR~ +10 £ < -10 

0 |i 


»4 , 0 1 2 3 4 S m \ 6 7 

Time(ps) 


DISCUSSION OF 
SPECIFICATIONS 

INPUT COOES 

The DAC813 accepts positive-true binary input codes. 
DAC813 may be connected by the user for any onili|i:||^ 
following codes: USB (Unipolar Sh||ight Binary)* BOB 
(Bipolar Offset Binary) or, using an external inverter On the 
MSB line, BTC (Binary Two’s Complement): See Table I, 

LINEARITY ERROR 

Linearity error as used in D/A converter ^specifications by ? 
Burr-Brown is the deviation of the analog output from a 
straight line drawn between the end points (inputs all “Is” 
and all “Os”). The DAC813 linearity error is specified at 
±1/4LSB (max) at +25°C for B and K grades, and ±1/2LSB 
(max) for A and J grades. 

DIFFERENTIAL LINEARITY ERROR 

Differential linearity error (DLE) is the deviation from a 
1LSB output change from one adjacent state to the next A 
DLE specification of 1/2LSB means that the output step size 
can range from 1/2LSB to 3/2LSB when the input changes 
from one state to the next. Monotonicity requires that DLE 
be less than 1LSB over the temperature range of interest. 


MONOTONICITY 

A D/A converter is monotonic if the output either increases 
or remains the same for increasing digital inputs. All grades 
of DAC813 are monotonic over their specification tempera- 
ture range. 


Drift specifications are determined by taking readings at 
high temperature, room temperature (25°C) and low tem- 
perature where high and low temperatures are the specifica- 
tion temperature range limits. Two drift numbers are calcu- 
lated: the change from room to high temperature, divided by 


DfGITAL 

ANALOG OUTPUT 


INPUT 

USB "111 

bob 

BTC* 


Unipolar 

Bipolar 

Binary 


stolen 

Offset 

TWo’a 

MSB 

'••• Binary j; : . : 

'lllnary 

Complement 

FFF** 

v'j!,:-... + Full ScM 

+ Full Scale 

Zero - 1LSB 


■ • * 1/2 Full Scale 

Zero 

- Full Scale 


+ VSt m Scale - 1LSB 

Zero - 1LSB 

+ Full Scale 


2e re 

- Full Scale 

Zero 


* u -r r t ? 3 ?£: code with external Inverter to obtain BTC code. 
TABLE I. Digital Input Codes. 


t^iempirature change, and the change from room to low 
Itdrifipirature, divided by the temperature change. The largest 
drift number is used for determining the drift specifications. 

Gain Drift is a measure of the change in the Full Scale Range 
(FSR) output over the specification temperature range. Gain 
Drift is expressed in parts per million per degree Celsius 
(ppm/°C). 

Unipolar Offset Drift is measured with a data input of 
000 HEX . Th e D/A is configured for unipolar output. Unipolar 
Offset Drift is expressed in parts per million of Full Scale 
Range per degree Celsius (ppm of FSR/°C). 

Bipolar Zero Drift is measured with a data input of 800 HEX . 
The D/A is configured for bipolar output. Bipolar Zero Drift 
is expressed in parts per million of Full Scale Range per 
degree Celsius (ppm of FSR/°C). 

SETTLING TIME 

Settling Time is the total time (including slew time) for the 
output to settle within an error band around its final value 
after a change in input. Three settling times are specified to 
±0.012% of Full Scale Range (FSR): two for maximum full 
scale range changes of 20V and 10V, and one for a 1LSB 
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FIGURE 1. DAC813 Block Diagram. 


change. The 1LSB change is measured at the major: carry 
(7 FF hex to 800 hex and 800 HEX to 7FF HEX ), the; input transition 
at which worst-case settling time occurs. 

REFERENCE SUPPLY 

DAC813 contains an on-chip +10V reference* This voltage? 
(pin 6) has a tolerance of ±50mV. 0l/r ' must be con- 

nected to V REFrN through a gain adjust resistor witfria nomi- 
nal value of 5000. The connection can be made through an 
optional IkO trim resistor to provide adjustment to zero gain : 
error. The reference output may be useditoithive extepi|| 
loads, sourcing at least 5mi A.|This current should . ; befeip«ir 
stant, otherwise the gain of the converter may vary. 

POWER SUPPLY SENSITIVITY 

Power supply sensitivity is a measure of the effect of a 
power supply change on the D/A converter oujput. It is|| 
defined as a ppm of FSR output change per percent of 
change in either +V CC or -V cc about the nominal voltagels. 
expressed in ppm of FSR/%.The first performance curve on 
page 5 shows typical power supply rejection veisus power 
supply ripple frequency* 

OPERATION 

DAC813 is a complete single IC chip 12-bit D/A converter. 
The chip contains a 12-bit D/A converter, voltage reference, 
output amplifier, and microcomputer-compatible input logic 
as shown in Figure 1. 

INTERFACE LOGIC 

Input latches hold data temporarily while a complete 12-bit 
word is assembled before loading into the D/A latch. This 
double-buffered organization prevents the generation of 
spurious analog output values. Each latch is independently 
addressable. 



FIGURE 2. Equivalent Input Circuit for Digital Inputs. 


WR USB LMSB LDAC RESET 


1 No operation 

0 D/A latch set to 800^ 

1 Enables 4 MSBs input latch 

1 Enables 8 LSBs input latch 

1 Loads D/A latch from input latches 
1 Makes all latches transparent 


TABLE II. DAC813 Interface Logic Truth Table. 


All latches are level-triggered. Data present when the con- 
trol signals are logic “0” will enter the latch. When any one 
of the control signals returns to logic “1”, the data is latched. 
A truth table for the control signals is presented in Table II. 

LOGIC INPUT COMPATIBILITY 

The DAC813 digital inputs are TTL, 5 V CMOS compatible 
over the operating range of +V CC . The input switching 
threshold remains at the TTL threshold over the supply 
range. 

The logic input current over temperature is low enough to 
permit driving the DAC813 directly from the outputs of 5V 
CMOS devices. 
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FIGURE 3. Relationship of Offset and Gain Adjustments 
for a Unipolar D/A Converter. 


ifIGURE 4. Relationship of Offset and Gairt Adjustments 
• . for a Bipolar D/A Convener. 



NC 

Dll 

20V Range 

DIO 

20V Range 

D9 

BPO 

||9, 

ACOM 

*1! 

Vhefowt 

||D6 


111;: 

+v cc' : yV: : 

| : D4 

V dUT. 

m 


>: W 

WR 

D1 

LDAG 

DO 

Reset DCOM 

LMSB ,#f 

LLSB 



NC 


20Vj||||:; : pfb: 

20V Rang* ; p®. 

BPO : 



D7 

Vrefout: 

Illpe 

Vre&in 

05 


D4 

^OUT 

D3 

-%C 

D2 

WR 

D1 

LDAC 

DO 

Reset 

DCOM 




V OUT 


" O.OImF 


-v cc o- 




0.01 pF 



m. 

Si 

~2 g ] 

H 

ii 

23~] 

22] 

El 

20] 

El 

El 

El 

Eki_ 
El ^ 


{$) iOfiF tamiaium for 
: optimum settling 
. , performance. 

{Z) Unipolar offset is 
not necessary in most 
applications and can 
lead to noise pickup. 
(3) Note that for the 
ceramic package 
the lid is connected 
to -V cc . 


BIPOLAR 


FIGURE 5. Power Supply, Gain, and Offset Connections. 


RESET FUNCTION 

When asserted low (<0.8V), Reset (Pin 13) forces the D/A 
latch to 800 hex regardless of any other input logic condition. 
If the analog output is connected for bipolar operation 
(either ±10V or ±5V), the output will be reset to Bipolar 
Zero (0V). If the analog output is connected for unipolar 
operation (0 to + 10V), the output will be reset to half-scale 
(+5V). 


DIGITAL INPUT 

MSB to LSB 

ANALOG OUTPUT 

0 to +10V 

±5V 

±10V 


+9.9976V 

+4.9976V 

+9.9951 V 

80<W 

+5.0000V 

0.0000V 

0.0000V 

7FFhex 

+4.9976V 

-0.0024V 

-0.0049V 

ooo^ 

0.0000V 

-5.0000V 

-10.0000V 

1LSB 

2.44mV 

2.44mV 

4.88mV 


TABLE III. Digital Input/Analog Output. 


If Reset is not used, it should be connected to a voltage 
greater than + 2 V but n ot greater than +5.5 V. If this voltage 
is not available Reset can be connected to +V CC through a 
lOOkO to 1MQ resistor to limit the input current. 
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GAIN AND OFFSET ADJUSTMENTS 

Figures 3 and 4 illustrate the relationship of offset and gain 
adjustments to unipolar and bipolar D/A converter output. 

OFFSET ADJUSTMENT 

For unipolar (USB) configurations, apply the digital input 
code that should produce zero voltage output and adjust the 
offset potentiometer for zero output. For bipolar (BOB, 
BTC) configurations, apply the digital input code that should 
produce the maximum negative output voltage and adjust 
the offset potentiometer for minus full scale voltage. Ex- 
ample: If the full scale range is connected for 20V, the 
maximum negative output voltage is -10V. See Table III for 
corresponding codes. 

GAIN ADJUSTMENT 

For either unipolar or bipolar configurations, apply the 
digital input that should give the maximum positive voltage 
output. Adjust the gain potentiometer for this positive full 
scale voltage. See Table III for positive full scale voltages. 

INSTALLATION 

POWER SUPPLY CONNECTIONS 

Note that the lid of the ceramic packaged DAC813 is 
connected to -V cc . Take care to avoid accidental short cir- 
cuits in tightly spaced installations. 

Power supply decoupling capacitors should be added ® 
shown in Figure 5. Best performance occurs using a 1 to 
IOjiF tantalum capacitor at -V^ and at least^ .p.pipF c%: 
ramie capacitor at +V CC . Applications with lekimtical set- 
tling time may be able to use O.PlpF at ~V CC as welfc 

These capacitors should; be located close tpiihe DAC813. 

Pin 1 is connected to an internal logic supply and should nil 
be used. A voltage about IV lower than HtV cc is present on- 
the pin. In extreme digital rtpise environments, a decoupling 
capacitor of O.OljiF on pin I may help reduce 
noise. 

DAC813 features separate digital and analog power supply- 
returns to permit optimum connections for low noise and; 
high speed performance. It is recommended that bbth Ana- 
log Common (ACOM, Pin 5) and Digital Common (DCOM; 
Pin 10) be connected directly to a ground plane under the 
package. If a ground plane is not used, connect the ACOM 
and DCOM pins together close to the packaged Since the 
reference point for V OUT and . V R£FOUT is tlie ACpKl pin, it is 
also important to connect the load directly to the ACOM 
pin. Refer to Figure 5. 

The change in current in the Analog Cbmmon pin (ACOM, 
Pin 5) due to an input data word change from 000 HEX to FFF HEX 
is only 800|iA. 

OUTPUT RANGE CONNECTIONS 

Internal scaling resistors provided in the DAC813 may be 
connected to produce bipolar output voltage ranges of ±10V 
and ±5V or unipolar output voltage range of 0 to +10V. 
Refer to Figure 6. 


^Connecting unused resistors to ground will increase the wideband output 
noise by about 50%, while sharply reducing the possibility of digital noise 
pick-up by the sensitive summing mode. 

FIGURE 6. Output Amplifier Voltage Range Scaling Cir- 
cuit. 

The internal feedback resistors (25kO) and the bipolar offset 
resistor (24.9kO) are trimmed to an absolute tolerance of 
less than ±2%. Therefore, one can change the range by 
adding a series resistor in various feedback circuit configu- 
rations. For example, a 6000 resistor in series with the 20V 
range terminal can be used to obtain a 20.48V (±10.24V) 
range (5mV LSB). A 7.98kO resistor in series with the 10V 
range connection (20V ranges in parallel) gives a 16.384V 
(±8. 192V) bipolar range (4mV LSB). Gain drift will be 
affected by the mismatch of the temperature coefficient of 
the external resistor with the internal D/A. Therefore the 
resistor should be used in the circuit arrangement that 
minimizes its contribution to gain drift. 
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APPLICATIONS 

MICROCOMPUTER BUS INTERFACING 

The DAC813 interface logic allows easy interface to micro- 
computer bus structures. The control signal is derived from 
external device select logic and the I/O Write or Memory 
Write (depending upon the system design) signals from the 
microcomputer. 

The latch enable lines LMSB, LLSB, and LDAC determine 
which of the latches are selected. It is permissible to enable 
two or more latches simultaneously, as shown in some of the 
following examples. 

The double-buffered latch permits data to be loaded into the 
input latches of several DAC813s and later strobed into the 
D/A latch of all D/As, simultaneously updating all analog 
outputs. All the interface schemes shown below use a base 
address decoder. If blocks of memory are used, the base 
address decoder can be simplified or eliminated altogether. 

8-BIT INTERFACE 

The control logic of DAC813 permits interfacing to right- 
justified data formats, illustrated in Figure 7. When a 12-bit 
D/A converter is loaded from an 8-bit bus, two byjfes of cl® * 
are required. Figure 8 illustrates an addressing s^feme forS 
right-justified data. The base address is Recoded; J:ii||i|t|h!e 


X X X X Dll D1« D9 D8 D7 06 05 D4 D3 D2 D1 DO 


high-order address bits. AO and A1 address the appropriate 


ously transfers input latch data to the D/A latch. Addresses 


INTERFACING MULTIPLE DAC813S 
IN 8-BIT SYSTEMS 

Many applications, such as automatic test systems, require 
that the outputs of several D/A converters be updated simul- 
taneously. The interface shown in Figure 9 uses a 74LSB138 
decoder to decode a set of eight adjacent addresses to load 
the input latches of four DAC813s. The example uses a 
right-justified data format. 

A ninth address using A3 causes all DAC813s to be updated 
simultaneously. If a certain DAC813 is always loaded last 
(for instance; D/A #4), A3 is not needed* saving 8 address 
spaces for Other uses. Incorporate A3 into the base address 
jdecode r, rem ove; therinvcrter, connect the common LDAC 
: line to LLSB oflP/A #4, and connect Dl of the 74LS138 to 
+5V* 

AND 16-BIT MICROCOMPUTER INTERFACE 

For till s application the input latch enablefiines, LMSB and 
LLSB, are tied low, causing the latches to be transparent, 
jtfie D/A latch, and therefore DAQ&I#; is selected by the 
address dlcoder arid strobed by WR. 


FIGURE 7. 12-Bit Data Format for 8-Bit Systems, 



LDAC DAC813 
T i rr W 


FIGURE 8. Right-Justified Data Bus Interface. 


FIGURE 9. Interfacing Multiple DAC813s to an 8-Bit Bus. 
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DAC7800 

DAC7801 

ADVANCE INFORMATION 


SUBJECT TO CHANGE 

Dual CMOS 12-Bit Multiplying 


DIGITAL-TO-ANALOG CONVERTERS 

FEATURES APPLICATIONS 


• SERIAL, 8-BIT (844) AND 12-BIT HIGH- 
SPEED INTERFACES 

• SINGLE +5V SUPPLY 

• GUARANTEED MONOTONIC OVER 
TEMPERATURE 

• CHANNEL-TO-CHANNEL CROSSTALK: 
-94dB 

• MULTIPLYING FEEDTHROUGH: -75dB 

• 0.3IN. WIDE PLASTIC DIP PACKAGES 


• ATE PIN ELECTRONICS LEVEL SETTING 

• PROGRAMMABLE FILTERS 

• PROGRAMMABLE GAIN AMPLIFIERS 

• PROCESS CONTROL OUTPUTS 


DESCRIPTION 


The DAC7800 and DAC7801 are members of a new 
family of monolithic dual 12-bit CMOS multiplying 
digital-to-analog converters. DAC7802, with a 12-bit 
data port, is the other member of the family and has a 
complete data sheet, PDS-1038. 

DAC7800 features a high-speed serial interface ca- 
pable of clocking in data at a rate of 10MHz. Serial 
data is clocked MSB first into a 24-bit shift register 
and then strobed into each D/A separately or simulta- 
neously as required. DAC7800 has an asynchronous 
CLEAR control useful for power-on-reset or system 
calibration conditions. It is packaged in a 16-pin 0.3in. 
wide plastic DIP. 

DAC7801 has a 2-byte (8-bit + 4-bit) digital interface. 
Data is loaded into the interface logic in two steps for 
each D/A. Then both D/As are updated simultane- 
ously. DAC7801 also features an asynchronous CLEAR 
control. DAC7801 is packaged in a 24-pin, 0.3in. wide 
plastic DIP. 


These D/A converters have high speed digital inter- 
faces, excellent AC multiplying performance and low 
power dissipation. High-stability thin film ladder re- 
sistors provide true 12-bit integral and differential 
linearity over the -40°C to +85°C temperature range. 
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SPECIFICATIONS 


ELECTRICAL 

At V DD = +5VDC, V REFA = V REFB = 10V and T A = -40°C to +85°C unless otherwise noted. 




DAC7800/7801 KP 

DAC7800/7801LP 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

ACCURACY 

Resolution 


12 



* 



Bits 

Relative Accuracy 




±1 



±1/2 


Differential Nonlinearity 




±1 



* 


Gain Error 

Measured Using R FBA and R FBB . 

All Registers Loaded with All Is. 



±3 



±1 

m 

Gain Temperature Coefficient' 1 ’ 



2 

5 


* 

* 

ppm/°C 

Output Leakage Current 

T a » +25°C 


0.005 

10 


* 

* 

nA 


T a = -40°C to +85°C 


3 

150 


* < 

* 

nA 

REFERENCE INPUT 

Input Resistance 




14 

n 

■ 

. 

kn 

Input Resistance Match 




3 


■ 

2 


DIGITAL INPUTS 

V IH (Input High Voltage) 


m 


m 

m 

■ 

■ 

V 

V IL (Input Low Voltage) 








&• v 

l IN (Input Current) 

T a = +2&C • •:••• 





ft 

m 

pA 


T a = -40°C ta +85 0 C : ^1],. 







pA 

C 1N (Input Capacitance) 






■M 

n 

PF 

POWER SUPPLY 

Vdo 


H 

■ 

5.5 ‘ 




V 

'oo 




mM 


* 

* 

mA 

Power Supply Rejection 

• V DD from 4.5V itoi 5:5V .. 


mm 

. 0.002 

••^11 


* 

%/% 


* Same specifications as for DAC780Q/78Q1KP. 


AC PERFORMANCE 


OUTPUT OP AMP IS OPA602 UNLESS OTHERWISE STATED. 

At V DD = +5VDC, V REFA = V REF8 * lOV anct T A = 25°C unless otherwise noted. These specifications are fully characterized but not subject to test. 







PARAMETER 

CONDITIONS 






MAX 

UNITS 

OUTPUT CURRENT SETTING TIME# 

To 0.01% of Full Scale 

R L = 1000. C L = 13pF 


0.4 

0.8 


. * 

■ * 

PS 

DIGITAL-TO-ANALOG GLITCH IMPULSE 

v = v zc QV 

¥ P£FA v pk-k uv 

R l = :100a, C L = 13pF 


0.9 



' 


nV/s 

AC FEEDTHROUGH 



-75 

-72 


* 

* 

dB 

OUTPUT CAPACITANCE 

DAC Loaded with. All 0s 


30 

50 


■ 


pF 


DAC Loaded with: All 1 s 


70 

100 



PI SjPj 

PF 

CHANNEL-TO-CHANNEL ISOLATION 1 |||: : : 

VrEFA t0 *outb ; % 

^VREFA = 1 0kHZ 

V REFB = ov. 

Both DACs Loaded with Is 

-90 

-94 


* 

* 


dB 

VrEFB *OUTA 

'■'ii'-'i' ^VREFB ” "1 OkHZ 

Vrefa = 0V, 

Both DACs Loaded with Is 

-90 

-101 





dB 

DIGITAL CROSSTALK 

Full Scale Transition 

R L = 1000, C L = 13pF 


0.9 



* 




NOTES: (1) Guaranteed but not tested. 


ABSOLUTE MAXIMUM RATINGS 

At T a = +25°C unless otherwise noted. 


V 00 to AGND 

0V, +7V 

*outa- *outb AGND 

-0-3. V DD 

V nn to DGND 

0V, +7V 


-55°C to +125°C 

AGND to DGND 

-0 3 V 


— 40°C to +85°C 

Digital Input to DGND 

......O.3,V DD + 0.3 

Lead Temperature (soldering, 10s) 

+300°C 

Vrefa- V refb to AGND 

±25 V 

Junction Temperature 

+175°C 

Vrefa- V refb to DGND 

±25 V 
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BURR-BROWN® 



DAC7802 


Dual CMOS 12-Bit Multiplying 
DIGITAL-TO-ANALOG CONVERTER 


FEATURES 


• TWO DACS IN A 0.3” WIDE PACKAGE 

• HIGH SPEED DIGITAL INTERFACE 

• SINGLE +5V SUPPLY 

• LOW CROSSTALK: -90DB MIN 

• FULLY SPECIFIED OVER -40°C TO +85°C 

• FOUR-QUADRANT MULTIPLICATION 

• MONOTONICITY GUARANTEED 


APPLICATIONS 

• PROGRAMMABLE INSTRUMENTATION 

• INDUSTRIAL AUTOMATION 

• AUTOMATIC TEST EQUIPMENT 

• PROCESS CONTROL 

• PROGRAMMABLE FILTERS 


DESCRIPTION 


The DAC7802 is a dual CMOS, 12-bit four-quadrant 
multiplying digital-to-analog converter with high speed 
data latches. D ata is load ed in to the DAC as a 12-bit 
data word. The CSA and CSB lines control the selec- 
tion of the data latches. The data is then latched on the 
rising edge of WR. The high speed digital interface 
operates at 2-6 times the speed of similar CMOS 
DACs. 

Vnn 


The digital interface speed and excellent AC multiply- 
ing performance is achieved by using an advanced 
CMOS process, optimized for analog and data conver- 
sion circuits. High stability resistors provide true 12- 
bit integral and differential linearity over the industrial 
temperature range. 


r—i 


rrri 

l_!£j 


LiimJ 


CK DAC A Register 

J ML 


DAC B >~ 

.. J j£ _I 

CK DAC B Register 

ZZKf 


I 'OUTA 
AGND 
Vrefa 
Vrefb 
RpBB 
ICUTB 
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SPECIFICATIONS 

ELECTRICAL 


At V 0D = +5VDC, V REFA = V REFB = 10V and T A * -40°C to +85°C unless otherwise noted. 




DAC7802KP 

DAC7802LP 

mmm 

PARAMETER 

CONDITIONS 


TYP 

MAX 



U03I 

UNITS 

ACCURACY 

Resolution 


12 



■ 



Bits 

Relative Accuracy 




±1 



±1/2 

LSB 

Differential Nonlinearity 




±1 

■ 


* 

LSB 

Gain Error 

Measured Using R^ and R FB0 . 

All Registers Loaded with All Is. 



3 

■ 


1 

LSB 

Gain Temperature Coefficient <’> 



2 

5 


* 

* 

ppm/°C 

Output Leakage Current 

T A « +25°C. 


0.005 

10 

H 

* 

* 

nA 


T A = — 40°C to +85°C. 


3 

150 

m 

* 

* 

nA 

REFERENCE INPUT 

Input Resistance 


6.0 

10 

14 

■ 

m 

* 

kfl 

Input Resistance Match 



0.5 

3 



2 

% 

DIGITAL INPUTS 

V IH (Input High Voltage) 


2.0 



. 




V IL (Input Low Voltage) 




0.8 



• 


l IN (Input Current) 

T a = +25°C. 



±1 



* 



T A = -40°C to +85°C. 



±10 



* 


C 1N (Input Capacitance) 



0.8 

10 


* 

* 


POWER SUPPLY 

v 0D 


4.5 


5.5 

■ 

m 

H 

V 

loo 



0.2 

2 




mA 

Power Supply Rejection 

V 00 from 4.5V to 5.5V. 



0.002 

■ 

■ 


%/% 


* Same specifications as for DAC7802KP. 


AC PERFORMANCE 


OUTPUT OP-AMP IS OPA602 UNLESS OTHERWISE STATED. 

At V DD = +5VDC, V nEFA = V REFB = 10V and T A = 25°C unless otherwise noted. These specifications are fully characterized but not subject to test. 




DAC7802KP 

DAC7802LP 


PARAMETER 

CONDITIONS 


TYP 

MAX 


TYP 

MAX 

UNITS 

OUTPUT CURRENT SETTLING TIME 

To 0.01% of Full Scale. 

R L = 100C2, C L *= 13pF. 


0.4 

0.8 


* 

* 

ps 

DIGITAL-TO-ANALOG GLITCH IMPULSE 

V = V = ov 

R l = 100Q,C l = 13pF. 


0.9 



* 


nVs 

AC FEEDTHROUGH 

f VREF = 10kHz. 


-75 

-72 


* 

* 

dB 

OUTPUT CAPACITANCE 

DAC Loaded with All 0s. 



30 

50 


* 

* 

pF 


DAC Loaded with All is. 



70 

100 


* 

* 

PF 

CHANNEL-TO-CHANNEL ISOLATION 

VrEFA 'oUTB 

f VRE FA= 10kHz. 

Vr EFB = 0V, 

Both D ACs Loaded with 1 s. 

-90 


-94 

i 


■ 

■ 

■ 

dB 

^REFB t0 IqUTA 

Wfb= 10kHz. 

V BE FA = 0V, 

Both DACs Loaded with Is. 

-90 


-101 


■ 

■ 

■ 

dB 

DIGITAL CROSSTALK 

Full Scale Transition. 

R L = 100Q,C L =13pF. 


0.9 



* 


nVs 


NOTES: (1) Guaranteed but not tested. 


ORDERING INFORMATION 


ABSOLUTE MAXIMUM RATINGS 



RELATIVE 

GAIN 

MODEL 

ACCURACY 

ERROR 

DAC7802KP 

±1 LSB 

3 LSB 

DAC7802LP 

±1/2 LSB 

1 LSB 


At T a = +25°C, unless otherwise noted. 

V D0 to AGND 0V.+7V 

V DD to DGND 0V. +7V 

AGND to DGND -0.3, V D0 

Digital Input to DGND -0.3,V DD + 0.3 

V* EFA .V REFB toAGND ±25V 

V REF ,.V REFB to DGND ±25V 

'outa. 'ouretOAGND -0.3, V QD 

Storage Temperature Range -S5°C to +125°C 

Operating Temperature Range -40°C to +85°C 

Lead Temperature, soldering 10s +300°C 

Junction Temperature +175°C 
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MECHANICAL 



AAAAAMMA 


T 


U U U l 

XL j 


4 P D 
1 

'Seating Plane 




N-4U- 


a 

■ni 


1»WM 


IM1 

rjm 

rim 1 

A 

ME! 

Ifcliil 


cm 

B 

EBB 

BETfli 

1%E1 

Kxm 

D 

KE9 

KTM 

WkilM 

wsm 

E 

mm 

ht»]:|»J 


him 

F 

.100 BASIC 


G 



KW7M 

KEM 

H 

BCTEB 

B5EM 

iiTTB 

EEC 

J 

II8EEB 


ESDI 


mm 


B2ES3BI 

M 

0° 

■m 

O’ 

cac 

N 

.008 

.015 

0.20 

0.38 

P 

.010 

.030 

.25 

.76 


NOTE: Leads In true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. 


TIMING CHARACTERISTICS 


At V DD = +5V, and T A = -40°C to +85°C. 


PARAMETER 

MINIMUM 

t, - Data Setup Time 

20ns 

t 2 - Data Hold Time 

15ns 

t 3 - Chip Select to Write Setup Time 

30ns 

t 4 - Chip Select to Write Hold Time 

0ns 

t 5 - Write Pulse Width 

30ns 



NOTES: (1) All input signal rise and fall times are measured from 10% 
to 90% of +5V. t R = t F = 5ns. (2) Timing measurement reference lev- 


CSA 

CSB 

WR 

FUNCTION 

X 

X 

1 

No Data Transfer 

1 

1 

X 

No Data Transfer 

x 

X 

0 

A Rising Edge on CSA or CSB Loads 

Data to the Respective DAC 

0 

1 

x 

DAC A Register Loaded from Data Bus 

1 

0 

X 

DAC B Register Loaded from Data Bus 

0 

0 

X 

DAC A from DAC B Registers Loaded 
from Data Bus 

X = Don’t care. X means rising edge triggered. 1 


TABLE I. Logic Truth Table. 


CONNECTION DIAGRAM 


AGND 

□ 

*OUTA 

B 

r fba 

E 

V REFA 

E 

CSA 

E 

(LSB) DB0 

□ 

DB1 

H 

DB2 

E 

DB3 

E 

DB4 

m 

DB5 

n 

DGND 

m 


W 


DAC7802 
Top View 
DIP 


3 

~23~[ 

" 22 ] 

~2o\ 

3 

H 

3 

3 

3 


•oUTB 

Rfbb 

V REFB 

V DD 
CSB 
WR 

DB11 (MSB) 

DB10 

DB9 

DB8 

DB7 

DB6 


DATA INPUT 

ANALOG OUTPUT 

MSB i J. LSB 

1111 1111 1111 

1000 0000 0000 

0000 0000 0001 

0000 0000 0000 

-V REF (4095/4096) 

-V REF (2048/4096) = -1/2V nEF 
-V REF (1/4096) 
o Volts 


TABLE II. Unipolar Output Code. 


DATA INPUT 

ANALOG OUTPUT 

MSB i i LSB 

1111 1111 1111 

1000 0000 0001 

1000 0000 0000 

0111 1111 1111 

0000 0000 0000 

+V REF (2047/2048) 

+V REF (1/2048) 

0 Volts 

-V REF (1/2048) 

-V REF (2048/2048) 


TABLE III. Bipolar Output Code. 
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Gain (dB) Crosstalk (dB) Output Leakage Current (A) 
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TYPICAL PERFORMANCE CURVES 

OUTPUT OP-AMP IS OPA602 UNLESS OTHERWISE STATED. 

T. = +25°C, V DD = +5V unless otherwise noted. 


OUTPUT LEAKAGE CURRENT 
vs TEMPERATURE 


-75 -50 -25. 


0 +25 +50 +75 +100 +125 

Temperature (°C) 


THD + NOISE vs FREQUENCY 


■111 

■III 

HI 


1 

1 


llll■llllllll 

llll■llllllll 

■III 

hi 


1 


laiuiiiii 

■III 

■ns 


1 


illlBIIIIIIH 

■ill 

UiBMni 

HHB 


iii 

15 

mini 

■iii 

uami 

— 


iii 

HUM 

iiiiiii 

■Hi 

■III 

uinn 

■MB 


iii 

III 

IMIIII 

IIIIBIIIIIIII 


100 Ik 10k 

Frequency (Hz) 


CHANNEL-TO-CHANNEL ISOLATION 
vs FREQUENCY 


FEEDTHROUGH vs FREQUENCY 



IIIIMIHIIIIHI 

i 

"T 

MIIIIIIIMIIIIIIIMIIIII 

HMIIIIII 


IIIIIHII1IIIIHI 

i 

1 10 

■nminnimiimimi 


linn 


iiiiimiiiiiiiHa 

i 

”1 ' 20 

■niiiiiiniiiiiiiHiiiii 

mm 

linn 


IIIIIHIIIIIIIIHB 

s 

+ CD 

MHIIimilllllllBUIl!! 

■I! 

mm 




\ t % 

Z „ i o 50 

■millllHIIIIIIIIKSilll 


liilll 


jjjjjMjjjjjjjIK 


- \ ^ —60 

«IIIIIIUIII!!!!SIIIIIII 




iSiiiBssSSiIIm 


1 <i> 

1 £ JQ 

■HllllllWSilltimillll 




iimiminn 


! —80 

■miiiiiaiiiiiiiiiniiiii 




^lllll■■lllllll■■ 


- + —90 

KSillllHIIIIIIIIMIIIII 



lanmiiiHimiiiHi 


--.1. -100 

anmiiinimiiiMimi 




100k 

Frequency (Hz) 


100k 

Frequency (Hz) 


FREQUENCY RESPONSE 



Ik 10k 100k 1M 

Frequency (Hz) 


PSRR vs FREQUENCY 


m 


mum 

■iii 

i m 

■iiiiiii 



iiiiimim 

liiHIBB 

i m 

■iiiiiii 

■IIIIIII 



Iliii&ISIII 

nm 

■IIIIIII 
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iism 
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DISCUSSION OF 
SPECIFICATIONS 

RELATIVE ACCURACY 

This term, also known as end point linearity or integral lin- 
earity, describes the transfer function of analog output to 
digital input code. Relative accuracy describes the deviation 
from a straight line after zero and full scale errors have been 
removed. 

DIFFERENTIAL NONLINEARITY 

Differential nonlinearity is the deviation from an ideal 1 LSB 
change in the output when the input code changes by 1 LSB. 
A differential nonlinearity specification of 1 LSB maximum 
guarantees monotonicity. 

GAIN ERROR 

Gain error is the difference between the full-scale DAC out- 
put and the ideal value. The ideal full scale output value for 
the DAC7802 is -(4095/4096)V REF . Gain error may be adjus- 
ted to zero using external trims as shown in Figures 3 and 5. 

OUTPUT LEAKAGE CURRENT 

The current which appears at I OUT A ahd I OUT B with the DAC 
loaded with all zeros. 

OUTPUT CAPACITANCE 

This is the parasitic capacitance measured from I 0UT A or 

•oUTB t0 AGND - 

CHANNEL-TO-CHANNEL ISOLATION 

The AC output error due to capacitive coupling from DACA 
to DACB or DACB to DACA. 

MULTIPLYING FEEDTHROUGH ERROR 

The AC output error due to capacitive coupling from V REF to 
I 0UT with the DAC loaded with all zeros. 

OUTPUT CURRENT SETTLING TIME 

The time required for the output current to settle to within 
+0.01% of final value for a full scale step. 

DIGITAL-TO-ANALOG GLITCH ENERGY 

The integrated area of the glitch pulse measured in nanovolt- 
seconds. The key contributor to digital-to-analog glitch is 
charge injected by digital logic switching transients. 

DIGITAL CROSSTALK 

Glitch impulse measured at the output of one DAC but 
caused by a full scale transition on the other DAC. The 
integrated area of the glitch pulse is measured in nanovolt- 
seconds. 

CIRCUIT DESCRIPTION 

Figure 1 shows a simplified schematic of one half of a 
DAC7802. The current from the V REF pin is switched 
between I 0UT A and AGND by the CMOS FET switch for that 
bit. This circuit architecture keeps the resistance at the V REFA 
pin constant so the reference could be provided by either a 
voltage or current, AC or DC, positive or negative polarity, 
and have a voltage range up to +20V. 



APPLICATIONS 

POWER SUPPLY CONNECTIONS 

The DAC7802 is designed to operate on V DD = +5V +10%. 
For optimum performance and noise rejection, power supply 
decoupling capacitors C D should be added as shown in the 
application circuits. These capacitors (lpF tantalum recom- 
mended) should be located close to the DAC7802. AGND 
and DGND should be connected together at one point only, 
preferably at the power supply ground point. Separate returns 
minimize current flow in low level signal paths if properly 
connected. Output op-amp analog ground should be tied as 
near to the AGND pin of the DAC7802 as possible. 

WIRING PRECAUTIONS 

To minimize the AC feedthrough when designing a PC 
board for the DAC7802, great care should be taken to 
minimize capacitive coupling between the V REF lines and the 
I 0UT lines. Similarly, capacitive coupling between DACs 
may compromise the channel-to-channel isolation. Coupling 
from any of the digital control or data lines might degrade the 
glitch and digital crosstalk performance. Whenever possible, 
solder the DAC7802 directly into the PC board without a 
socket. Sockets add parasitic capacitance (which can degrade 
AC performance as described) and resistance (which may 
impact the DC accuracy). 

AMPLIFIER OFFSET VOLTAGE 

As with all precision CMOS MDACs, the output amplifier 
used with the DAC7802 should have low input offset voltage 
to preserve the transfer function linearity. The voltage output 
of the amplifier has an error component which is the offset 
voltage of the op-amp multiplied by the “noise gain” of the 
circuit. This “noise gain” is equal to (R F /R Q + 1) where R Q 
is the output impedance of the DAC I 0UT terminal and R F is 
the feedback network impedance. The non-linearity arises 
from the output impedance of CMOS multiplying DACs 
varying with code. If the 0 code case is excluded (where R 0 
= infinity), the R 0 will vary from R to 3R providing a “noise 
gain” variation between 4/3 to 2. In addition, the variation of 
R 0 is non-linear with code, and the largest steps in R 0 occur 
at major code transitions where the worst DAC differential 
non-linearity is also likely to be experienced. The non- 
linearity seen at the amplifier output is 2V 0S - 4V 0S /3 = 
2V 0S /3. Thus, to maintain good non-linearity the op-amp 
offset should be much less than 1/2LSB. 
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ESD PROTECTION 

All digital inputs of the DAC7802 incorporate on-chip ESD 
protection circuitry. This protection is designed to withstand 
2.5kV (using the Human Body Model; lOOpF and 1500Q). 
However, industry standard ESD protection methods should 
be used when handling or storing these components. When 
not in use, devices should be stored in conductive foam or 
rails. The foam or rails should be discharged to the destina- 
tion socket potential before devices are removed. 

RELIABILITY DATA 

Extensive reliability testing has been performed on the 
DAC7802. Accelerated life testing (1008 hours) at 125°C 
was used to calculate MTTF at an ambient temperature of 
25°C and 85°C. These test results yield MTTF of 2.5E+7 
hours at 25°C and 2.6E+5 hours at 85°C. Additional tests 
such as PCT have also been performed. Reliability reports 
are available upon request. 

UNIPOLAR CONFIGURATION 

Figure 2 shows the DAC7802 in a typical unipolar (two- 
quadrant) multiplying configuration. The analog output val- 
ues versus digital input code are listed in Table II. The opera- 
tional amplifiers used in this circuit can be single amplifiers 
such as the OPA602, or a dual amplifier such as the OPA2107. 
Cl and C2 provide phase compensation to minimize settling 
time and overshoot when using a high speed operational 
amplifier. 

If an application requires the DAC to have zero gain error, 
the circuit shown in Figure 3 may be used. Resistors R2, and 
R4 induce a positive gain error greater than worst case initial 
negative gain error for a DAC7802KP. Trim resistors R 1 and 
R3 provide a variable negative gain error and have sufficient 
trim range to correct for the worst case initial positive gain 
error plus the error produced by R2 and R4. 




FIGURE 3. Unipolar Configuration with Gain Trim. 


BIPOLAR CONFIGURATION 

Figure 4 shows the DAC7802 in a typical bipolar (four- 
quadrant) multiplying configuration. The analog output val- 
ues versus digital input code are listed in Table III. 

The operational amplifiers used in this circuit can be single 
amplifiers such as the OPA602, a dual amplifier such as the 
OPA2107, or a quad amplifier like the OPA404. Cl and C2 
provide phase compensation to minimize settling time and 
overshoot when using a high speed operational amplifier. 
The bipolar offset resistors R5-R7 and R8-R10 should be 
ratio-matched to 0.01% to ensure the specified gain error 
performance, 

If an application requires the DAC to have zero gain error, 
the circuit shown in Figure 5 may be used. Resistors R2 and 
R4 induce a positive gain error greater than worst case initial 
negative gain error for a DAC7802KP. Trim resistors R1 and 
R3 provide a variable negative gain error and have sufficient 
trim range to correct for the worst case initial positive gain 
error plus the error produced by R2 and R4. 

12-BIT PLUS SIGN DACS 

For a bipolar DAC with 13 bits of resolution, two solutions 
are possible. As shown in Figure 6, the addition of a precision 
difference amplifier and a high speed JFET switch provides 
a 12-bit plus sign voltage-output DAC. When the switch 
selects the op-amp output, the difference amplifier serves as 
a non-inverting output buffer. If the analog ground side of the 
switch is selected, the output of the difference amplifier is 
inverted. 

Another option, shown in Figure 7, also produces a 12-bit 
plus sign output without the additional switch and digital 
control line. 
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FIGURE 4. Bipolar Configuration. 
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+15V 



FIGURE 6. 12-Bit Plus Sign DAC. 


+15V 



FIGURE 7. 13-Bit Bipolar DAC. 
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PCM60P 

PCM66P 


16-Bit CMOS Monolithic Audio 
DIGITAL-TO-ANALOG CONVERTER 


FEATURES 

© LOW COST 16-BIT 2-CHANNEL CMOS 
MONOLITHIC D/A CONVERTER 
© SINGLE SUPPLY +5V OPERATION 
© 50mW POWER DISSIPATION 
© GLITCH-FREE VOLTAGE OUTPUTS 
© LOW DISTORTION: -86dB max THD + N 
m COMPLETE WITH REFERENCE 
© SERIAL INPUT FORMAT 
m SINGLE OR DUAL DAC MODE 
OPERATION 

© PLASTIC 20-PIN SOIC PACKAGE 
(PCM66P) 

© PLASTIC 24-PIN SOIC PACKAGE 
(PCM60P) 


DESCRIPTION 

The PCM60P/66P is a low cost, dual output 16-bit 
CMOS digital-to-analog converter. The PCM60P/66P 
features true glitch-free voltage outputs and requires 
only a single +5V supply. The PCM60P/66P doesn’t 
require an external reference. Total power dissipation 
is less than 50mW max. Low maximum Total Har- 
monic Distortion + Noise (-86dB max; PCM60P-J, 
PCM66P-J) is 100% tested. Either one or two channel 
output modes are fully user selectable. 

The PCM60P/66P comes in a space-saving 24-pin 
plastic SOIC package. PCM60P/66P accepts a serial 
data input format and is compatible with other Burr- 
Brown PCM products such as the industry standard 
PCM56P. 
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SPECIFICATIONS 


ELECTRICAL 

Ail specifications at 25°C, and +V CC = +5V unless otherwise noted. 




PCM60P/66P AND PCM60P-J/66P-J 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 




16 

Bits 

DYNAMIC RANGE 



96 


dB 

INPUT j 

DIGITAL INPUT 


TTL Compatible CMOS 



Logic Family 

Logic Level: V IH 

l IH = +40pA max 

+2.4 



+5.25 

V 

v, L 

In = -40|iA max 

0 



0.8 

V 

Data Format 

Input Clock Frequency 


8.5 

Serial BTC* 1 ' 



MHz 

DYNAMIC CHARACTERISTICS | 

TOTAL HARMONIC DISTORTION + N< 2 > 
PCM60P/66P: f = 991 Hz (0dB)< 3 > 

f s = 176.4kHz«> 


-88 


-82 

dB 

f = 991Hz (-20dB) 

f s = 176.4kHz 


-68 



dB 

f = 991Hz (-60dB) 

f s = 176.4kHz 


-28 



dB 

PCM60P-J/66P-J: f = 991 Hz (OdB) 

f s = 176.4kHz 


-92 


-86 

dB 

f = 991 Hz (-20dB) 

f s = 176.4kHz 


—68 



dB 

f = 991Hz (— 60db) 

f s = 176.4kHz 


-28 



dB 

CHANNEL SEPARATION 


+80 

+85 


dB 

TRANSFER CHARACTERISTICS | 

ACCURACY 

Gain Error 

V OUT = 2.8Vp-p 


±2 


±10 

% 

Gain Mismatch 

Channel to Channel 


±1 



% 

Bipolar Zero Error* 5 * 



±30 



mV 

Gain Drift 

0°C to 70°C 


100 



ppm/°C 

Warm-up Time 


1 




minute 

IDLE CHANNEL SNR* 6 ' 

20-20kHz with A-weighted filter 


±90 


dB 

OUTPUT | 

ANALOG OUTPUT 

Output Range 



2.8 



Vp-p 

Output Impedance 



2 



G 

Short Circuit Duration 

To Be Determined 





Settling Time 

Suffieicnt to Meet 176.4kHz THD + N Specs 




Glitch Energy 

Meets All THD + N Specs Without External Output Deglitching 



POWER SUPPLY REQUIREMENTS | 

+V CC Supply Voltage 


+4.75 

+5 


+5.25 

V 

Supply Current 



+9.5 



mA 

Power Dissipation 

V CC = + 5V 




50 

mW 

TEMPERATURE RANGE j 

Specification 


0 



+70 

°C 

Operating 


-30 



+70 

°C 

Storage 


-60 



+100 

°C 


NOTE: 1) Binary Two's Complement coding. (2) Ratio of (Distortion BMS + Noise BMS ) / Signal RMS . (3) D/A converter output frequency/signal level (on both left and right 
channels). (4) D/A converter sample frequency (4 x 44.1 KHz; 4 times oversampling per channel). (5) Offset error at bipolar zero. (6) Ratio of output at BPZ (Bipolar 
Zero) to the full scale range using 20kHz low pass filter in addition to an A-weighted filter. 
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ABSOLUTE MAXIMUM RATINGS 


DC Supply Voltage ±10V 

Input Voltage Range -3V to +5.25 V 

Power Dissipation 50mW 

Operating Temperature -30°C to +70°C 

Storage Temperature -€0°C to +100°C 

I Load Temperature (soldering, 10s) +300°C 
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PCM60P PIN ASSIGNMENTS 


PIN 

DESCRIPTION 

MNEMONIC 

1 

Left/Right Clock 

LRCLK 

2 

Word Clock 

WDCLK 

3 

Clock Input 

CLK 

4 

Data Input 

DATA 

5 

No Connection 

NC 

6 

No Connection 

NC 

7 

Digital Common 

Doom 

8 

Analog Common 

Acom 

9 

No Connection 

NC 

10 

Left Channel 

L CH Out 

11 

Output Common 

V 

12 

Right Channel V^, 

R CH Out 

13 

+V CC Analog Supply 

+v cc 

14 

+V CC Analog Supply 

+V cc 

15 

Reference Decouple 

Gref 

16 

No Connection 

NC 

17 

V REF Sense 

V REP SENSE 

18 

Voltage Reference 

V REF 

19 

+V CC Analog Supply 

+V CC 

20 

+V CC Analog Supply 

+V CC 

21 

+V CC Digital Supply 

+V CC 

22 

No Connection 

NC 

23 

Single DAC Mode 

SDM SEL 

24 

Left/Right DAC Select 

LRDAC 


THEORY OF OPERATION 

The PCM60P/66P is a dual output, 16-bit CMOS digital-to- 
analog audio converter. The PCM60P/66P, complete with 
internal reference, has two glitch-free voltage outputs and 
requires only a single +5V power supply. Output modes 
using either one or two channels per DAC are user se- 
lectable. The PCM60P/66P accepts a serial data input format 
that is compatible with other Burr-Brown PCM products 
such as the industry standard PCM56P. 

ONE DAC TWO-CHANNEL OPERATION 

Normally, the PCM60P/66P is operated with a continuous 
clock input in a two-channel output mode. This mode is 
selected when SDM SEL is held low (single DAC mode 


PCM66P PIN ASSIGNMENTS 


PIN 

DESCRIPTION 

MNEMONIC 

1 

Left/Right Clock 

LRCLK 

2 

Word Clock 

WDCLK 

3 

Clock Input 

CLK 

4 

Data Input 

DATA 

5 

No Connection 

NC 

6 

Digital Common 

^COM 

7 

Analog Common 

A com 

8 

Left Channel 

L CH Out 

9 

Output Common 

^COM 

10 

Right Channel 

R CH Out 

11 

Analog Supply 

+V CC 

12 

Analog Supply 

+v cc 

13 

Reference Decouple 

Gref 

14 

Reference Sense 

V REF SENSE 

15 

Reference Output 

Vref 

16 

Analog Supply 

+v cc 

17 

Analog Supply 

+v cc 

18 

Digital Supply 

+V CC 

19 

Single DAC Mode 

SDM SEL 

20 

Left/Right DAC Select 

LRDAC 


select). Refer to the truth table shown by Table I for exact 
control logic relationships. Data for left and right channel 
output is loaded alternately into the PCM60P/66P while the 
control logic switches the left and right output amplifiers 
between the appropriate integrate and hold modes. Data 
word latching is controlled by WDCLK (word clock) and 
channel selection is made by LRCLK (left/right clock). 
Figure 1 shows the timing for the single DAC two-channel 
mode of operation. The block diagram in Figure 2 shows 
how a single DAC output provides switched output to both 
integrate and hold amplifiers. Output between left and right 
channels in this mode is not in phase. See Figure 3 for proper 
connection of the PCM60P/66P in the two-channel DAC 
mode. 


PIN FUNCTIONS 

SERIAL 

DATA WORD 

INPUT 

LEFT 

CHANNEL 

OUTPUT 

RIGHT 

CHANNEL 

OUTPUT 

SDM SEL 

LRDAC 

LRCLCK 

WDCLK 

0 

X 

0 

0 

Right 

Hold 

Hold 

0 

X 

0 

1 

Right 

Integrate 

Hold 

0 

X 

1 

0 

Left 

Hold 

Hold 

0 

X 

1 

1 

Left 

Hold 

Integrate 

'__l 

0 

0 


Inhibited 


Hold 


0 

0 

m H 

Inhibited 


Hold 


0 

1 


Left 


Integrate 


0 

1 


Left 


Integrate 

1 

1 

0 

0 

Right 


Hold 

1 

1 

0 

i 

Right 


Hold 

1 

1 

1 

0 

Inhibited 


Integrate 

1 

1 

1 

1 

Inhibited 

HBsflIH 

Integrate 


NOTE: Positive edge of CLK (P3) latches LRCLK (PI), WDCLK (P2), and DATA (P4). 


TABLE I. PCM60P/66P Logic Truth Table. 
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TWO CHANNEL PER DAC OUTPUT MODE 


p3 < clk > uin JLniiRnjiniiruin Jimiwiruiri 


Load Right Channel Data 


Load Left Channel Data 


mdata, XlXD 00®0(i MiHiiDC 


P10 (LCH OUT) Hold 


P10 (LCH V 0UT ) 


P12 (RCH OUT) 


P12 (RCH V 0UT ) 


NOTES: Single DAC Mode Select = 0; L/R DAC Select = X; WDCLK = 50% duty cycle; Serial Data is read in MSB first with BTC coding (MSB 
= Bit 1). 


SINGLE CHANNEL PER DAC OUTPUT MODE 


!ss uin JiJiJiriJWiJiniin JinmrirLrirui_ 


P2 (WDCLK) 
Both DACs 


PI (LRCLK) 
Both DACs 


Load Right DAC Data 


Load Left DAC Data 


P4 (DATA) 
Both DACs 


DO0 (IXIME® (ZXZXIiXIIXZiXiiXZiJGlXZiXI 


PI 2 (RCH OUT) 
Right DAC 

P12 (RCH V 0UT ) 
Right DAC 

PI 2 (RCH OUT) 
Left DAC 


PI 2 (RCH Vout) 
Left DAC 


NOTES: Single DAC Mode Select = 1; L/R DAC Select = 0 (Left DAC) or 1 (Right DAC). 


FIGURE 1 . PCM60P/66P Timing Diagram. 
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FIGURE 3. PCM60P/66P Connection Diagram. 


TWO DAC TWO-CHANNEL OPERATION 

In phase, two-channel output can be obtained by using two 
PCM60P/66Ps and choosing the single DAC mode (setting 
SDM SEL high). With the use of a high or low input level 
on LRDAC (P left/right DAC select), each DAC can have its 
right channel output dedicated to either left or right data 
input with no additional input signals being required to latch 
the appropriate data from an alternating L/R data word input 


stream. In the single DAC mode, the PCM60P/66P’s left 
channel output is disabled and held at +V C0M . In this mode 
both D ACs share common inputs for DATA, CLK, WDCLK, 
and LRCLK. Otherwise circuit connection is the same as 
the two-channel DAC mode, with the exception of LRDAC 
whose level selects whether the single DAC will output 
dedicated left or right channel data. 
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INTEGRATE AND HOLD OUTPUT AMPLIFIERS 

The PCM60P/66P incorporates integrate and hold amplifiers 
on each output channel. This allows a single, very fast DAC 
to feed both amplifiers and reduce circuit complexity. It also 
serves to block the output glitch from the DAC to the 
individual channel outputs and effectively makes the 
PCM60P/66P outputs “glitch-free.” The PCM60P/66P is a 
single +5V supply device with a voltage output swing of 
2.8Vp-p. The outputs swing asymmetrically around V C0M 
(+V CC - 2.33V). See Table II for exact input/output relation- 
ships. Since true CMOS amplifiers are used on the PCM60P/ 
66P, the load resistance on the outputs should not be less 
than lOOkO and the capacitive loads should not exceed 
lOOpF. For maximum low-distortion performance, output 
buffer amplifiers should be considered. 


DIGITAL INPUT 

ANALOG OUTPUT | 

Binary Two’s 
Complement (Hex) 

DAC Output (V) 

Voltage (V) 

Mode 

7FFF 

+FS 

+3.5629443 

0000 

BPZ 

+2.1629871 

8000 

-FS 

+0.7630299 

2E5B 

V 

v COM 

+2.6700000 


TABLE II. PCM60P/66P Input/Output Relationships. 


DISCUSSION OF 
SPECIFICATIONS 

TOTAL HARMONIC DISTORTION + NOISE 

The key specification for the PCM60P/66P is total harmonic 
distortion plus noise. Digital data words are read into the 
PCM60P/66P at four times the standard audio sampling 
frequency of 44.1kHz or 176.4kHz for each channel, such 
that a sine wave output of 991 Hz is realized. For production 
testing, the output of the DAC goes to a programmable gain 
amplifier to provide gain at lower signal output test levels 
and then through a 20kHz low pass filter before being fed 


into an analog type distortion analyzer. Figure 4 shows a 
block diagram of the production THD + N test setup. 

In terms of signal measurement, THD + N is the ratio of 
Distortion^ + Noise^/Signal^ expressed in dB. For the 
PCM60P/66P, THD + N is 100% tested at three different 
output levels using the test setup shown in Figure 4. It is 
significant to note that this circuit does not include any 
output deglitching circuitry. This means the PCM60P/66P 
meets even its -60dB THD + N specification without use of 
external deglitchers. 

ABSOLUTE LINEARITY 

Even though absolute integral and differential linearity specs 
are not given for the PCM60P/66P, the extremely low THD 
+ N performance is typically indicative of 14-bit to 15-bit 
integral linearity in the DAC depending on the grade specified. 
The relationship between THD + N and linearity, however, 
is not such that an absolute linearity specification for every 
individual output code can be guaranteed. 

IDLE CHANNEL SNR 

Another appropriate spec for a digital audio converter is idle 
channel signal-to-noise ratio (idle channel SNR). This is the 
ratio of the noise on either DAC output at bipolar zero in 
relation to the full scale range of the DAC. The output of the 
DAC is band limited from 20Hz to 20kHz and an A- 
weighted filter is applied to make this measurement. 

OFFSET, GAIN, AND TEMPERATURE DRIFT 

The PCM60P/66P is specified for other important parame- 
ters such as channel separation and gain mismatch between 
output channels. And although the PCM60P/66P is primar- 
ily meant for use in dynamic applications, typical specs are 
also given for more traditional DC parameters such as gain 
error, bipolar zero offset error, and temperature gain drift. 
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TIMING CONSIDERATIONS 

The data format of the PCM60P/66P is binary two’s comple- 
ment (BTC) with the most significant bit (MSB) being first 
in the serial input bit stream. Table II describes the exact 
input data to voltage output coding relationship. Any num- 
ber of bits can precede the 16 bits to be loaded, as only the 
last 16 will be transferred to the parallel DAC register on the 
first positive edge of CLK (clock input) after WDCLK 
(word clock) has gone low. All inputs to the PCM60P/66P 
are TTL level compatible. 

WDCLK DUTY CYCLE 

WDCLK is the input signal that controls when data is loaded 
and how long each output is in the integrate mode. It is 
therefore recommended that a 50% (high) duty cycle be 
maintained on WDCLK. This will ensure that each output 
will have enough time to reach its final output value, and that 
the output level of each channel will be within the gain 
mismatch specification. Refer to Figure 1 for exact timing 
relationships of WDCLK to CLK and LRCLK and the 
outputs of the PCM60P/66P. The WDCLK can be high 
longer than 50%, as long as setup and hold times shown in 
Figure 5 are observed and the time high is roughly equiva- 
lent for both left and right channels. 

SETUP AND HOLD TIMES 

The individual serial data bit shifts, the serial to parallel data 
transfer, and left/right control are triggered on positive CLK 
edges. The setup time required for DATA, WDCLK, and 
LRCLK to be latched by the next positive going CLK is 
15ns minimum. A minimum hold time of 15ns is also 
required after the positive going CLK edge for each data bit 
to be shifted into the serial input register. Refer to Figure 5 
for the timing relationship of these signals. 

MAXIMUM CLOCK RATE 

The 100% tested maximum clock rate of 8.47MHz for the 
PCM60P/66P is derived by multiplying the standard audio 
sample rate of 44.1kHz times eight (4X oversampling times 
two channels) times the standard audio word bit length of 24 
(44.1kHz X 4 X 2 X 24 = 8.47MHz). Note that this clock rate 
accommodates a 24-bit word length, even though only 16 
bits are actually being used. 

“STOPPED-CLOCK” OPERATION 

The PCM60P/66P is normally operated with a continuous 
clock input signal. If the clock is to be stopped between input 
data words, the last 16 bits shifted in are not actually shifted 
from the serial register to the latched parallel DAC register 
until the first clock after the one used to input bit 16 (LSB). 
This means the data is not shifted into the DHC latch until 
the start of the next 16-bit data word input, unless at least 
one additional clock accompanies the 16 used to serially 
shift in data in the first place. In either case, the setup and 
hold times for DATA, WDCLK, and LRCLK must still be 
observed. 

INSTALLATION 

The PCM60P/66P only requires a single +5V supply. The 
+5V supply, however, is used in deriving the internal refer- 
ence. It is therefore very important that this supply be as 
“clean” as possible to reduce coupling of supply noise to the 
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FIGURE 5. PCM60P/66P Setup and Hold Timing Diagram. 


outputs. If a good analog supply is available at greater than 
+5V, a zener diode can be used to obtain a stable +5V 
supply. A 100pF decoupling capacitor as shown in Figure 3 
should be used regardless of how good the +5V supply is to 
maximize power supply rejection. All grounds should be 
connected to the analog ground plane as close to the PCM60P/ 
66P as possible. 

FILTER CAPACITOR REQUIREMENTS 

As shown in Figure 3, C REF and V REF SENSE should have 
decoupling capacitors of 0.1 pF (C 4 ) and 10pF (C 5 ) to +V CC 
respectively with no special tolerance being required. To 
maximize channel separation between left and right chan- 
nels, 5% 300pF capacitors (C 2 and C 3 ) between V C0M and 
left and right channel outputs are required in addition to a 
5% 3pF capacitor (C,) between V C0M and +5V. The ratio of 
10k to 1 is the important factor here for proper circuit 
operation. Placement of all capacitors should be as close to 
the appropriate pins of the PCM60P/66P as possible to 
reduce noise pickup from surrounding circuitry. 

APPLICATIONS 

Probably the most popular use of the PCM60P/66P is in 
applications requiring single power supply operation. For 
example, the PCM60P/66P is ideal for automotive compact 
disk (CD) and digital audio tape (DAT) playback units. To 
use a more complex bipolar DAC requiring ±5V supplies in 
the +12V application, for example, would require driving a 
stable “floating” ground and regulating the +12V to +10V. 
The single supply CMOS PCM60P/66P would only require 
a +5V zener diode to regulate its 50mW max supply. The 
outputs could be AC coupled to the rest of the circuit for 
perfectly acceptable high dynamic performance. The 
PCM60P/66P is ideal in any application requiring a mini- 
mum of additional circuitry as well as ultra-low-power 
CMOS performance. 

Of course, the PCM60P/66P is the D/A converter of choice 
in any application requiring very low power dissipation. 
Portable battery powered test and measurement equipment 
requiring very low distortion digital to analog converters 
would be an ideal application for the CMOS PCM60P/66P 
with its 50mW max power dissipation. 
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© 18-BIT MONOLITHIC AUDIO D/A 
CONVERTER 

® LOW MAX THD + N: -92dB Without Exter- 
nal Adjust 

O 100% PIN COMPATIBLE WITH INDUSTRY 
STD 16-BIT POM56P 

m GLITCH FREE OUTPUT OF ±3V OR ±1mA 

© CAPABLE OF 8X OVERSAMPLING RATE 
IN V OUT MODE 

© COMPLETE WITH INTERNAL REFERENCE 
AND OUTPUT OP-AMP 

© RELIABLE PLASTIC 16-PIN DIP PACKAGE 


The PCM61P is an 18-bit totally pin compatible per- 
formance replacement for the popular 16-bit PCM56P. 
With the addition of two extra bits, lower max THD + 
N (— 92dB ; PCM6 1P-K) can be achieved in audio appli- 
cations already using the PCM56P. The PCM61P is 
complete with internal reference and output op-amp and 
requires no external parts to function as an 18-bit DAC. 
The PCM61P is capable of an 8-times oversampling 
rate (single channel) and meets all of its specifications 
without an external output deglitcher. 

The PCM61P comes in a small, reliable 16-pin plastic 
DIP package that has passed operating life tests under 
simultaneous high temperature, high humidity and high 
pressure testing. 



International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
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SPECIFICATIONS 


ELECTRICAL 

All Specifications at 25°C, and +V CC = +5V unless otherwise noted. 




PCM61 P/P-J/P-K 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 




18 

bits 

DYNAMIC RANGE 



108 


dB 

INPUT 

DIGITAL INPUT 






Logic Family 


TTUCMOS Compatible 


Logic Level: V IH 


+2 


+v cc 

V 

v, L 


0 


+0.8 

V 

l IH 

V IH = +2.7V 



+1 

pA 


V 1L = +0.4V 



-50 

liA 

Data Format 

Input Clock Frequency 


Serial BTC’ 


16.9 

MHz 

DYNAMIC CHARACTERISTICS | 

Total Harmonic Distortion + N <2 > 

PCM61P 

Without MSB Adjustments 





f = 991Hz (OdBp 

f s = 176.4kHz' 4 ' 


-88 

-82 

dB 

f = 991 Hz (-20dB) 

f s = 176.4kHz 


-74 

-68 

dB 

f = 991 Hz (-60dB) 

PCM61P-J 

f s = 176.4kHz 


-34 

-28 

dB 

f = 991 Hz (OdB) 

f s = 176.4kHz 


-94 

—88 

dB 

f = 991 Hz (-2 OdB) 

f s = 176.4kHz 


-76 

-74 

dB 

f = 991 Hz (-60dB) 

PCM61P-K 

f s = 176.4kHz 


-36 

-34 

dB 

f = 991Hz (OdB) 

fg= 176.4kHz 


-98 

-92 

dB 

f = 991 Hz (-20dB) 

fg= 176.4kHz 


-80 

-74 

dB 

f = 991 Hz (-60dB) 

fg= 176.4kHz 


-40 

-34 

dB 

IDLE CHANNEL SNR 

20 Hz to 20kHz at BPZ' 5 ' 


112 


dB 

TRANSFER CHARACTERISTICS | 

ACCURACY 

Gain Error 



±2 


% 

Bipolar Zero Error 



±30 


mV 

Differential Linearity Error 



±0.001 


% 

Total Drift"" 

0°C to 70°C 


±25 


ppm of FSR/°C 

Bipolar Zero Drift 

0°C to 70°C 


±4 


ppm of FSR/°C 

Warm-up Time 


1 



minute 

MONOTONICITY 



16 


bits 

ANALOG OUTPUT | 

Voltage: Output Range 



±3 


V 

Output Current 


±8 



mA 

Output Impedance 



0.1 


Q 

Current: Output Range 

±30% 


±1 


mA 

Output Impedance 

±30% 


1.2 


kQ 

SETTLING TIME 

Voltage: 6V Step 

To ±0.006% of FSR 


1.5 


ps 

1 LSB 



1. 


ps 

Slew Rate 



12 


V/ps 

Current: 1mA Step 

lOQto 100Q load 


250 


ns 

1 mA Step 

IkQ load 


350 


ns 

Glitch Energy 

Meets all THD + N specs without external deglitching 


POWER SUPPLY REQUIREMENTS' 7 ) | 

±V CC Supply Voltage 


±4.75 

±5 

±13.2 

V 

Supply Current: +l c ^ 

+ V CC = +5V 


+10 

+17 

mA 


+ V CC = +12V 


+12 


mA 

->cc 

-V CC = -5V 


-25 

-35 

mA 

-'cc 

> 

CM 

II 

=r 


-27 


mA 

Power Dissipation 

±V CC = ±5V 


175 

260 

mW 


±V CC = ±12V 


475 


mW 

TEMPERATURE RANGE | 

Specification 


0 


+70 

°C 

Operating 


-30 


+70 

°C 

Storage 


-60 


+100 

°C 


NOTES: (1) Binary Two’s Complement coding. (2) Ratio of (Distortion RMS + Noise RMS )/Signal RM3 . (3) D/A converter output frequency/signal level. (4) D/A converter 
sample frequency (4 x 44.1kHz; 4 times oversampling). (5) Bipolar zero, using A-weighted filter. (6) This is the combined drift error due to gain, offset, and linearity 
over temperature. (7) All positive and all negative supply pins must be tied together respectively. 
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MECHANICAL 


P Package — 16-Pln Plastic DIP 


A - 


r A ' - 

rv _/v a. _ A .. A .. ^ 


b 

1 1 
B, B 

JJ 

Pin 1 


urzf !L- 

3_J 



—I G I— — N— D 




r~ 

mm 


Emn 

5S3 

BH 

KM 

EBB 

BH 


n 

ww«n 

EEM 

inTTi 

ETOHJ 

mm 

MFM 

mm 

11T7J 

mm 


El 



7.38 

mm 




6.36 

mm 


ESM 


5.09 

D 


EM 

EEJ 

EBB 

F 

KM 

ESI 


HB31 

mm 


2.54 BASIC | 

mm 

EEM 

mm 

EB1 

Mill 

HH 


TTM 

■■T-.Tl 


mm 


mm 

KE1 

BH 

mm 

.300 BASIC 

7.63 BASIC | 

mm 

o° 

mm 

0° 

. 15° 1 

mm 

TTTiM 

ESI 

ESI 

EEDI 

Le_ 

EE3I 

ESI 

EEB 

WEE 


NOTE: Leads In true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. 


PIN ASSIGNMENTS 


CONNECTION DIAGRAM 


i 

-v. 

Analog Negative Supply 

2 

LOG COM 

Logic Common 

3 

+v L 

Logic Positive Supply 

4 

NC 

No Connection 

5 

CLK 

Clock Input 

6 

LE 

Latch Enable Input 

7 

DATA 

Serial Data Input 

8 

-v L 

Logic Negative Supply 

9 

Vour 

Voltage Output 

10 

RF 

Feedback Resistance 

11 

SJ 

Summing Junction 

12 

ANA COM 

Analog Common 

13 

•out 

Current Output 

14 

MSB ADJ 

MSB Adjustment Terminal 

15 

TRIM 

MSB Trim-pot Terminal 

16 

+Vg 

Analog Positive Supply 


ABSOLUTE MAXIMUM RATINGS 


DC Supply Voltages ±16VDC 

Input Logic Voltage -IV to V S /+V L 

Power Dissipation 850mW 

Operating Temperature Range -25°C to +70°C 

Storage Temperature Range -60°C to +100°C 

Lead Temperature (soldering, 10 seconds) +300°C 



NOTE: (1) MSB error (Bipolar Zero differential linearity error) can be 
adjusted to zero using the external circuit shown in Figure 4. 


TABLE I. PCM61P Input/Output Relationships. 


DIGITAL INPUT 

ANALOG OUTPUT 

Binary Two's 
Complement (BTC) 

DAC Output 

Voltage (V) 
Vou, Mode 

Current (mA) 

•out Mode 

1FFFF Hex 
00000 Hex 
3FFFF Hex 
20000 Hex 

+FS 

BPZ 

BPZ-1LSB 

-FS 

-0.99999237 

0.00000000 

+0.00000763 

+1.00000000 

+2.99997711 

0.00000000 

-0.00002289 

-3.00000000 
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PI 6 (Clock) 

uumn 


PI 8 (Data) 

D0QQQ 

(ZXZXZXZXEXZXjEXZXSXZ) 

PI 7 (Latch Enable) 

i / 

.. 1 1 

NOTES: (1 ) If clock is stopped between input of 18-bit data words, latch enable (LE) must remain low until after the first clock of the next 18-bit data word stream. 

(2) Data format is binary two's complement (BTC). Individual data bits are clocked in on the corresponding positive clock edge. (3) Latch enable (LE) must 
remain low at least one clock cycle after going negative. (4) Latch enable (LE) must be high for at least one clock cycle before going negative. 


FIGURE 2. PCM61P Timing Diagram. 



MAXIMUM CLOCK RATE 

The maximum clock rate of 16.9MHz for the PCM61P is 
derived by multiplying the standard audio sample rate of 
44. lkHZ times sixteen (16X oversampling) times the stan- 
dard audio word bit length of 24 (44.1kHz X 16 X 24 = 
16.9MHz). Note that this clock rate accommodates a 24-bit 
word length, even though only 1 8 bits are actually being used. 



MSB ERROR ADJUSTMENT PROCEDURE 
(OPTIONAL) 

The MSB error of the PCM61P can be adjusted to make the 
differential linearity error (DLE) at BPZ essentially zero. 
This is important when the signal output levels are very low, 
because zero crossing noise (DLE at BPZ) becomes very 
significant when compared to the small code changes occur- 
ring in the LSB portion of the converter. 

To statically adjust DLE at BPZ, refer to the circuit shown in 
Figure 4 or the PCM61P connection diagram. 

Differential linearity error at bipolar zero and THD are guar- 
anteed to meet data sheet specifications without any external 
adjustment. However, a provision has been made for an op- 
tional adjustment of the MSB linearity point, which makes it 
possible to eliminate DLE error at BPZ. Two procedures are 
given to allow either static or dynamic adjustment. The 
dynamic procedure is preferred because of the difficulty 
associated with the static method (accurately measuring 16- 
bit LSB steps). 

After allowing ample warm-up time (5-10 minutes) to assure 
stable operation of the PCM61P, select input code 3FFFF 
hexadecimal (all bits on except the MSB). Measure the 
output voltage using a 6-1/2 digit voltmeter and record it. 
Change the digital input code to 00000 hexadecimal (all bits 
off except the MSB). Adjust the lOOkQ potentiometer to 
make the output read 22.9fiV more than the voltage reading 
of the previous code (a 1LSB step = 22.9|iV). A much simpler 
method is to dynamically adjust the DLE at BPZ. Assuming 
the device has been installed in a digital audio application cir- 
cuit, send the appropriate digital input to produce a -60dB 
level sinusoidal output, then adjust the lOOkQ potentiometer 
until a minimum level of distortion is observed. 
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BURR-BROWN® 



PCM63P 


Colinear ™ 20-Bit Monolithic Audio 
DIGITAL-TO-ANALOG CONVERTER 


FEATURES 

• COLINEAR 20-BIT AUDIO DAC 

• NEAR-IDEAL LOW LEVEL OPERATION 

• GLITCH-FREE OUTPUT 

• ULTRA LOW -96dB max THD + N 
(Without External Adjustment) 

• 116dB SNR min (A-Weight Method) 

• INDUSTRY STD SERIAL INPUT FORMAT 

• FAST (200ns) CURRENT OUTPUT 
(±2mA; ±2% max) 

• CAPABLE OF 16x OVERSAMPLING 

• COMPLETE WITH REFERENCE 


DESCRIPTION 

The PCM63P is a precision 20-bit digital-to-analog 
converter with ultra-low distortion (~96dB max with a 
full scale output; PCM63P-K). Incorporated into the 
PCM63P is a unique Colinear dual-D AC per channel 
architecture that eliminates unwanted glitches and 
other nonlinearities around bipolar zero. The PCM63P 
also features a very low noise (116dB max SNR; A- 
weighted method) and fast settling current output 
(200ns typ, 2mA step) which is capable of 16-times 
oversampling rates. 

Applications include very low distortion frequency 
synthesis and high-end consumer and professional 
digital audio applications. 


6.2 


+5V +5V -5V -5V Upper Lower 

Analog Digital Analog Digital B2 Adj B2 Adj 



PCM63P 

Colinear 20-Bit DAC 


Input Shift 
Register 
and 
Control 
Logic 


Upper DAC 
Positive 




Lower DAC 
Negative 
Data Latches 


Buried 

Zener 

Reference 


Reference Servo 

Decouple Decouple 

Colinear ™, Burr-Brown Corp. 

International Airport Industrial Park • Mailing Address: PO Box 11400 
Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • 


Hoj 

^ FEEDBACK 


5 Bipolar Offset Current 


4 Offset Decouple 


Potentiometer 

Voltage 


• Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 
Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800)548-6132 
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SPECIFICATIONS 


ELECTRICAL 

All specifications at 25°C and ±V A and ±V D = ±5V, unless otherwise noted. 




PCM63P, PCM63P-J, PCM63P-K 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 


20 



Bits 

DYNAMIC RANGE, THD + N at -60dB Referred to Full Scale 1 





PCM63P 


96 

100 


dB 

PCM63P-J 


100 

104 


dB 

PCM63P-K 


104 

108 


dB 

DIGITAL INPUT 






Logic Family 


TTL/CMOS Compatible 


Logic Level: V IH 


+2 


+V D 

V 

V.l 


0 


0.8 

V 

*IH 

V |H - +2.7V 



+1 

pA 

1, 

V 1L = +0.4V 



-50 

pA 

Data Format 


Se 

rial, MSB First, BT 

~U) 


Input Clock Frequency 



30 

25 

MHz 

TOTAL HARMONIC DISTORTION + N' 2 >, Without Adjustments 1 





PCM63P 






f = 991Hz (0dB) (3) 

f s = 352.8kHz«> 


-92 

-88 

dB 

f = 991 Hz (-20dB) 

f s = 352.8kHz 


-80 

-74 

dB 

f = 991Hz (— 60dB) 

f s = 352.8kHz 


-40 

-36 

dB 

PCM63P-J 






f = 991Hz (OdB) 

f s = 352.8kHz 


-96 

-92 

dB 

f = 991Hz (-20dB) 

f s = 352.8kHz 


-82 

-76 

dB 

f = 991Hz (~60dB) 

f s = 352.8kHz 


-44 

-40 

dB 

PCM63P-K 






f = 991Hz (OdB) 

f s = 352.8kHz 


-100 

-96 

dB 

f = 991Hz (~20dB) 

f s = 352.8kHz 


-88 

-82 

dB 

f = 991 Hz (-60dB) 

f s = 352.8kHz 


-48 

-44 

dB 

ACCURACY 






Level Linearity 

at -90dB Signal Level 


±0.3 

±1 

dB 

Gain Error 



±1 

±2 

% 

Bipolar Zero Error* 5 ' 



±10 


mV 

Gain Drift 

0°C to 70°C 


25 


ppm/°C 

Bipolar Zero Drift 

0°C to 70°C 


4 


ppm of FSR/°C 

Warm-up Time 


1 



Minute 

IDLE CHANNEL SNR* 6 ' 

20 Hz to 20kHz at BPZ< 7 > 

+116 

+120 


dB 

POWER SUPPLY REJECTION 



+86 


dB 

ANALOG OUTPUT 






Output Range 


±1.96 

±2.00 

±2.04 

mA 

Output Impedance 



670 


Q 

Internal R FEEDBACK 



1.5 


kQ 

Settling Time 

2mA Step 


200 


ns 

Glitch Energy 


N' 

o Glitch Around Ze 

ro 


POWER SUPPLY REQUIREMENTS 


1 




±V A , ±V D Supply Voltage Range 


±4.50 

±5 

±5.50 

V 

+I A , +I D Combined Supply Current 

+V A , +V 0 = +5V 


10 

15 

mA 

-l A , -1 D Combined Supply Current 

-V A , -V 0 = -5V 


-35 

-45 

mA 

Power Dissipation 

±V A , ±V D = ±5V 


225 

300 

mW 

TEMPERATURE RANGE 


I 




Specification 


0 


+70 

°C 

Operating 


-40 


+85 

°C 

Storage 


-60 


+100 

°C 


NOTES: (1) Binary Two’s Complement coding. (2) Ratio of (Distortion,^ + Noise^) / Signal RMS . (3) D/A converter output frequency (signal level). (4) D/A converter 
sample frequency (8 x 44.1kHz; 8x oversampling). (5) Offset error at bipolar zero. (6) Measured using an OPA27 and 1.5kQ feedback and an A-weighted filter. 
(7) Bipolar Zero. 
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MECHANICAL 


P Package — 28-Pin Plastic DIP 



D 

28 15 

1 

E, 

0 

0 

r\ 




Pin 1 



eb 


imitchihsei! 






■OB 


1MM 

1TEEB 







KB 

1*1 H 




BIB 

ITEM 

1*LM 

Wiitm 


iKfl 

1*!*'1:1 

1»IH 


BKBj 

B*B 

HTTT«M 



wm§\ 

mm 

11 

MMM 


llliEl 

ii 

BbU 

Ml 

IMcM 





mm 





eb 

bbb 

■Mima 






ni 

1EM 

EM 

in 

eu 

EB 

MMM 

EM 

EM 

em 

H3B 

EB 

EB 

bimi 


kb 


ifciWiBi 



wm 

M»?M 

EM 

EM 

EMI 


(1) Not JEDEC Standard 


NOTE: Leads in true position within 
0.01“ (0.25mm) R at MMC at seating 
plane. Pin numbers shown for 
reference only. Numbers may not be 
marked on package. 


PIN ASSIGNMENTS 


ABSOLUTE MAXIMUM RATINGS 



DESCRIPTION 

MNEMONIC 

pi 

Servo Amp Decoupling Capacitor 

CAP 

P2 

+5V Analog Supply Voltage 

+V A 

P3 

Reference Decoupling Capacitor 

CAP 

P4 

Offset Decoupling Capacitor 

CAP 

P5 

Bipolar Offset Current Output (+2mA) 

BPO 

P6 

DAC Current Output (0 to -4mA) 


P7 

Analog Common Connection 

ACOM 

P8 

No Connection 

NC 

P9 

Feedback Resistor Connection (1.5kQ) 

RF, 

P10 

Feedback Resistor Connection (1.5kO) 

rf 2 

P11 

-5V Digital Supply Voltage 

-v D 

P12 

Digital Common Connection 

DCOM 

P13 

+5V Digital Voltage Supply 

+v 0 

P14 

No Connection 

NC 

PI 5 

No Connection 

NC 

P16 

No Connection 

NC 

P17 

No Connection 

NC 

P18 

DAC Data Clock Input 

CLK 

P19 

No Connection 

NC 

P20 

DAC Data Latch Enable 

LE 

P21 

DAC Data Input 

DATA 

P22 

No Connection 

NC 

P23 

Optional Upper DAC Bit-2 Adjust (-4.29V)* 

UB2 Adj 

P24 

Optional Lower DAC Bit-2 Adjust (-4.29V)* 

LB2 Adj 

P25 

Bit Adjust Reference Voltage Tap (-3.52 V)* 

Vpot 

P26 

No Connection 

NC 

P27 

No Connection 

NC 

P28 

-5V Analog Supply Voltage 

-V A 

‘Nominal voltages at these nodes assuming ±V A ; ±V D 

= ±5V. 


+V v +V D t0 ACOM/DCOM OV to +8V 

-V A , -V D to ACOM/DCOM OV to -8V 

-V A , -V D to +V A , +V D OV to +16V 

ACOM to DCOM ±0.5 V 

Digital Inputs (pins 18. 20. 21) to DCOM -IV to +V D 

Power Dissipation 500mW 

Lead Temperature, (soldering, 10s) . +300°C 

Max Junction Temperature 165°C 

Thermal Resistance, 0 JA 70°C/W 


NOTE: Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. Exposure to absolute 
maximum conditions for extended periods may affect device reliability. 


ORDERING INFORMATION 


MODEL 

PACKAGE 

TEMPERATURE 

RANGE 

MAX THD + N, 
ATOdB 

PCM63P 

Plastic DIP 

0°C to +70°C 

-88dB 

PCM63P-J 

Plastic DIP 

0°C to +70°C 

-92dB 

PCM63P-K 

Plastic DIP 

0°C to +70°C 

-96dB 
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Input Voltage (mV) 


For Immediate Assistance, Contact Your Local Salesperson 
TYPICAL PERFORMANCE CURVES 

All specifications at 25°C and ±V A and ±V D = ±5.0V, unless otherwise noted. 



16-BIT MONOTONICITY 




Frequency (Hz) 


-90dB SIGNAL 
(10Hz to 20kHz Bandwidth) 


-IIOdB SIGNAL 
(10Hz to 20kHz Bandwidth) 



Time (ps) 


Time (ps) 
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THEORY OF OPERATION DISCUSSION OF 

DUAL-DAC COUNBAR ARCHITECTURE SPECIFICATIONS 


Digital audio systems have traditionally used laser-trimmed, 
current-source DACs in order to achieve sufficient accuracy. 
However even the best of these suffer from potential low- 
level nonlinearity due to errors at the major carry bipolar 
zero transition. More recently, DACs employing a different 
architecture which utilizes noise shaping techniques and 
very high oversampling frequencies, have been introduced 
(“Bitstream”, “MASH”, or 1-bit DACs). These DACs over- 
come the low level linearity problem, but only at the expense 
of signal-to-noise performance, and often to the detriment of 
channel separation and intermodulation distortion if the 
succeeding circuitry is not carefully designed. 

The PCM63 is a new solution to the problem. It combines all 
the advantages of a conventional DAC (excellent full scale 
performance, high signal-to-noise ratio and ease of use) with 
superior low-level performance. Two DACs are combined 
in a complementary arrangement to produce an extremely 
linear output. The two DACs share a common reference and 
a common R-2R ladder to ensure perfect tracking under all 
conditions. By interleaving the individual bits of each DAC 
and employing precise laser trimming of resistors, the highly 
accurate match required between DACs is achieved. 

This new, complementaiy linear or dual-DAC Colinear 
approach, which steps away from zero with small steps in 
both directions, avoids any glitching or “large” linearity 
errors and provides an absolute current output. The low level 
performance of the PCM63P is such that real 20-bit resolu- 
tion can be realized, especially around the critical bipolar 
zero point. 

Table I shows the conversion made by the internal logic of 
the PCM63P from binary two’s complement (BTC). Also, 
the resulting internal codes to the upper and lower DACs 
(see front page block diagram) are listed. Notice that only 
the LSB portions of either internal DAC are changing 
around bipolar zero. This accounts for the superlative per- 
formance of the PCM63P in this area of operation. 


DYNAMIC SPECIFICATIONS 
Total Harmonic Distortion + Noise 

The key specification for the PCM63P is total harmonic 
distortion plus noise (THD + N). Digital data words are read 
into the PCM63P at eight times the standard compact disk 
audio sampling frequency of 44.1kHz (352.8kHz) so that a 
sine wave output of 991 Hz is realized. For production 
testing, the output of the DAC goes to an I to V converter, 
then to a programmable gain amplifier to provide gain at 
lower signal output test levels, and then through a 40kHz 
low pass filter before being fed into an analog type distortion 
analyzer. Figure 1 shows a block diagram of the production 
THD + N test setup. 

For the audio bandwidth, THD + N of the PCM63P is 
essentially flat for all frequencies. The typical performance 
curve, “THD + N vs Frequency”, shows four different out- 
put signal levels: OdB, -20dB, -40dB, and -60dB. The test 
signals are derived from a special compact test disk (the 
CBS CD-I). It is interesting to note that the -20dB signal 
falls only about lOdB below the full scale signal instead of 
the expected 20dB. This is primarily due to the superior low- 
level signal performance of the dual-DAC Colinear archi- 
tecture of the PCM63P. 


In terms of signal measurement, THD + N is the ratio of 


PCM63P, THD + N is 100% tested at all three specified I 
output levels using the test setup shown in Figure 1. It is I 
significant to note that this test setup does not include any 
output deglitching circuitry. All specifications are achieved 
without the use of external deglitchers. 


Dynamic Range 

Dynamic range in audio converters is specified as the measure 
of THD + N at an effective output signal level of -60dB 
referred to OdB. Resolution is commonly used as a theoretical 
measure of dynamic range, but it does not take into account 
the effects of distortion and noise at low signal levels. The 


ANALOG OUTPUT 

INPUT CODE 

(20-blt Binary Two's Complement) 

LOWER DAC CODE 
(19-bit Straight Binary) 

UPPER DAC CODE 
(19-bit Straight Binary) 

-4-Full Scale 

011. 

..Ill 

111 

..111 + 1LSB* 

111. 

.111 

+Ful! Scale - 1LSB 

Oil. 

..110 

111 

..111 + 1LSB* 

111. 

.110 

Bipolar Zero + 2LSB 

000. 

..010 

111 

..111 + 1LSB* 

000. 

.010 

Bipolar Zero + 1 LSB 

000. 

..001 

111 

..111 + 1LSB* 

000. 

.001 

Bipolar Zero 

000. 

..000 

111 

..111 + 1LSB* 

000. 

.000 

Bipolar Zero - 1 LSB 

111. 

..111 


111...111 

000. 

.000 

Bipolar Zero - 2LSB 

111. 

..110 


111...110 

000. 

.000 

-Full Scale + 1LSB 

100. 

..001 


000...001 

000. 

..000 

-Full Scale 

100. 

..000 


000...000 

000. 

..000 

*The extra weight of 1LSB is added at this point to make the transfer function symmetrical around bipolar zero. 


TABLE I. Binary Two’s Complement to Colinear Conversion Chart. 
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FIGURE 1 . Production THD + N Test Setup. 


Colinear architecture of the PCM63P, with its ideal 
performance around bipolar zero, provides a more usable 
dynamic range, even using the strict audio definition, than 
any previously available D/A converter. 

Level Linearity 

Deviation from ideal versus actual signal level is sometimes 
called “level linearity” in digital audio converter testing. See 
the “-90dB Signal Spectrum” plot in the Typical Perfor- 
mance Curves section for the power spectrum of a PCM63P 
at a-90dB output level. (The “-90dB Signal” plot shows the 
actual -90dB output of the DAC). The deviation from ideal 
for PCM63P at this signal level is typically less than ±0.3dB. 
For the “-llOdB Signal” plot in the Typical Performance 
Curves section, true 20-bit digital code is used to generate a 
-1 lOdB output signal. This type of performance is possible 
only with the low-noise, near-theoretical performance around 
bipolar zero of the PCM63P’s Colinear DAC circuitry. 

A commonly tested digital audio parameter is the amount of 
deviation from ideal of a 1kHz signal when its amplitude is 
decreased from -60dB to -120dB. A digitally dithered input 
signal is applied to reach effective output levels of -120dB 
using only the available 16-bit code from a special compact 
disk test input. See the “16-Bit Level Linearity” plot in the 
Typical Performance Curves section for the results of a 
PCM63P tested using this 16-bit dithered fade-to-noise 
signal. Note the very small deviation from ideal as the signal 
goes from -60dB to -lOOdB. 

DC SPECIFICATIONS 
Idle Channel SNR 

Another appropriate specification for a digital audio con- 
verter is idle channel signal-to-noise ratio (idle channel 
SNR). This is the ratio of the noise on the DAC output at 
bipolar zero in relation to the full scale range of the DAC. To 
make this measurement, the digital input is continuously fed 
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the code for bipolar zero while the output of the DAC is 
band-limited from 20Hz to 20kHz and an A-weighted filter 
is applied. The idle channel SNR for the PCM63P is typi- 
cally greater than 120dB, making it ideal for low-noise 
applications. 

Monotonicity 

Because of the unique dual-DAC Colinear architecture of 
the PCM63P, increasing values of digital input will always 
result in increasing values of DAC output as the signal 
moves away from bipolar zero in one-LSB steps (in either 
direction). The “16-Bit Monotonicity” plot in the Typical 
Performance Curves section was generated using 16-bit 
digital code from a test compact disk. The test starts with 10 
periods of bipolar zero. Next are 10 periods of alternating 
ILSBs above and below zero, and then 10 periods of 
alternating 2LSBs above and below zero, and so on until 
lOLSBs above and below zero are reached. The signal 
pattern then begins again at bipolar zero. 

With PCM63P, the low-noise steps are clearly defined and 
increase in near-perfect proportion. This performance is 
achieved without any external adjustments. By contrast, 
sigma-delta (“Bitstream”, “MASH”, or 1-bit DAC) architec- 
tures are too noisy to even see the first 3 or 4 bits change (at 
16 bits), other than by a change in the noise level. 

Absolute Linearity 

Even though absolute integral and differential linearity specs 
are not given for the PCM63P, the extremely low THD + N 
performance is typically indicative of 16-bit to 17-bit inte- 
gral linearity in the DAC, depending on the grade specified. 
The relationship between THD + N and linearity, however, 
is not such that an absolute linearity specification for every 
individual output code can be guaranteed. 
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Offset, Gain, And Temperature Drift 

Although the PCM63P is primarily meant for use in dy- 
namic applications, specifications are also given for more 
traditional DC parameters such as gain error, bipolar zero 
offset error, and temperature gain and offset drift. 

DIGITAL INPUT 
Timing Considerations 

The PCM63P accepts TTL compatible logic input levels. 
Noise immunity is enhanced by the use of differential 
current mode logic input architectures on all input signal 
lines. The data format of the PCM63P is binary two’s 
complement (BTC) with the most significant bit (MSB) 
being first in the serial input bit stream. Table II describes 
the exact relationship of input data to voltage output coding. 
Any number of bits can precede the 20 bits to be loaded, 
since only the last 20 will be transferred to the parallel DAC 
register after LE (P20, Latch Enable) has gone low. 

All DAC serial input data (P21, DATA) bit transfers are 
triggered on positive clock (PI 8, CLK) edges. The serial-to- 
parallel data transfer to the DAC occurs on the falling edge 
of Latch Enable (P20, LE). The change in the output of the 
DAC coincides with the falling edge of Latch Enable (P20, 
LE). Refer to Figure 2 for graphical relationships of these 
signals. 

Maximum Clock Rate 

A typical clock rate of 16.9MHz for the PCM63P is derived 
by multiplying the standard audio sample rate of 44.1kHz by 


sixteen times (16x oversampling) the standard audio word 
bit length of 24 bits (44.1kHz X 16 X 24 = 16.9MHz). Note 
that this clock rate accommodates a 24-bit word length, even 
though only 20 bits are actually being used. The maximum 
clock rate of 25 MHz is guaranteed, but is not 100% final 
tested. The setup and hold timing relationships are shown in 
Figure 3. 

“Stopped Clock” Operation 

The PCM63P is normally operated with a continuous clock 
input signal. If the clock is to be stopped between input data 
words, the last 20 bits shifted in are not actually shifted from 
the serial register to the latched parallel DAC register until 
Latch Enable (LE, P20) goes low. Latch Enable must remain 
low until after the first clock cycle of the next data word to 
insure proper DAC operation. In any case, the setup and hold 
times for Data and LE must be observed as shown in Figure 
3. 



FIGURE 3. Setup and Hold Timing Diagram. 


DIGITAL INPUT 

ANALOG OUTPUT 

CURRENT OUTPUT 

VOLTAGE OUTPUT 
(With External Op Amp) 

1,048,576LSBs 

Full Scale Range 

4.00000000mA 

6.00000000V 

1LSB 

NA 

3.81 469727 nA 

5.72204590pV 

7FFFF hex 

+Full Scale 

-1.99999619mA 

+2.99999428V 

00000 HEX 

Bipolar Zero 

0.00000000mA 

0.00000000V 

fffff hex 

Bipolar Zero - 1LSB 

+0.00000381 mA 

-0.00000572V 

80000 HEX 

-Full Scale 

+2.00000000mA 

-3.00000000V 


TABLE II. Digital Input/Output Relationships. 


pi a (dock) n_rLn_n_n jiRi^Lfiniinn 


P21 (Data) 


IXIXZXEXZ) 

MSB 



LSB 


P20 (Latch Enable) 


L_Z 


P6(Iout) 



7 ~ 1 _ 

ZX 


NOTES: (1) If clock is stopped between input of 20-bit data words, Latch Enable (LE) must remain low until after the first clock cycle of the next 20-bit data 
word stream. (2) Data format is binary two’s complement (BTC). Individual data bits are clocked in on the corresponding positive clock edge. (3) Latch Enable 
(LE) must remain low at least one clock cycle after going negative. (4) Latch Enable (LE) must be high for at least one clock cycle before going negative. 
(5) l OUT changes on negative going edge of Latch Enable (LE). 


FIGURE 2. Timing Diagram. 
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INSTALLATION 

POWER SUPPLIES 

Refer to Figure 4 for proper connection of the PCM63P in 
the voltage-out mode using the internal feedback resistor. 
The feedback resistor connections (P9 and P10) should be 
left open if not used. The PCM63P only requires a ±5V 
supply. Both positive supplies should be tied together at a 
single point. Similarly, both negative supplies should be 
connected together. No real advantage is gained by using 
separate analog and digital supplies. It is more important that 
both these supplies be as ‘‘clean” as possible to reduce 
coupling of supply noise to the output. Power supply decou- 
pling capacitors should be used at each supply pin to 
maximize power supply rejection, as shown in Figure 4, 
regardless of how good the supplies are. Both commons 
should be connected to an analog ground plane as close to 
the PCM63P as possible. 

FILTER CAPACITOR REQUIREMENTS 

As shown in Figure 4, various size decoupling capacitors 
can be used, with no special tolerances being required. The 
size of the offset decoupling capacitor is not critical either, 
with larger values (up to IOOjiF) giving slightly better SNR 
readings. All capacitors should be as close to the appropriate 
pins of the PCM63P as possible to reduce noise pickup from 
surrounding circuitry. 

MSB ADJUSTMENT CIRCUITRY 

Near optimum performance can be maintained at all signal 
levels without using the optional MSB adjust circuitry of the 
PCM63P shown in Figure 5. Adjustability is provided for 
those cases where slightly better full-scale THD + N is 


desired. Use of the MSB adjustments will only affect larger 
dynamic signals (between OdB and -6dB). This improve- 
ment comes from bettering the gain match between the 
upper and lower DACs at these signal levels. The change is 
realized by small adjustments in the bit-2 weights of each 
DAC. Great care should be taken, however, as improper 
adjustment will easily result in degraded performance. 

In theory, the adjustments would seem very simple to 
perform, but in practice they are actually quite complex. The 
first step in the theoretical procedure would involve making 
each bit-2 weight ideal in relation to its code minus one 
value (adjusting each potentiometer for zero differential 
nonlinearity error at the bit-2 major carries). This would be 
the starting point of each lOOkQ potentiometer for the next 
adjustment. Then, each potentiometer would be adjusted 
equally, in opposite directions, to achieve the lowest full- 
scale THD + N possible (reversing the direction of rotation 




FIGURE 4. Connection Diagram. 
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for both if no immediate improvement were noted). This 
procedure would require the generation of the digital bit-2 
major carry code to the input of the PCM63P and a DVM or 
oscilloscope capable of reading the output voltage for a one 
LSB step (5.72JJ.V) in addition to a distortion analyzer. 

A more practical approach would be to forego the minor 
correction for the bit-2 major carry adjustment and only 
adjust for upper and lower DAC gain matching. The prob- 
lem is that just by connecting the MSB circuitry to the 
PCM63P, the odds are that the upper and lower bit-2 weights 
would be greatly changed from their unadjusted states and 
thereby adversely affect the desired gain adjustment. Just 
centering the lOOkQ potentiometers would not necessarily 
provide the correct starting point. To guarantee that each 
100k£2 potentiometer would be set to the correct starting or 
null point (no current into or out of the MSB adjust pins), the 
voltage drop across each corresponding 330kQ resistor would 
have to measure OV. A voltage drop of ±1.25mV across 
either 330kQ resistor would correspond to a ±1LSB change 
in the null point from its unadjusted state (1LSB in current 
or 3.8 InA x 330k£> = 1.26mV). Once these starting points 
for each potentiometer had been set, each potentiometer 
would then be adjusted equally, in opposite directions, to 
achieve the lowest full-scale THD + N possible. If no im- 
mediate improvement were noted, the direction of rotation 
for both potentiometers would be reversed. One direction of 
potentiometer counter-rotations would only make the gain 
mismatch and resulting THD + N worse, while the opposite 
would gradually improve and then worsen the THD + N 
after passing through a no mismatch point. The determina- 


tion of the correct starting direction would be arbitrary. This 
procedure still requires a good DVM in addition to a distortion 
analyzer. 

Each user will have to determine if a small improvement in 
full-scale THD + N for their application is worth the ex- 
pense of performing a proper MSB adjustment. 

APPLICATIONS 

The most common application for the PCM63P is in high- 
performance and professional digital audio playback, such 
as in CD and DAT players. The circuit in Figure 6 shows the 
PCM63P in a typical combination with a digital interface 
format receiver chip (Yamaha YM3623), an 8x interpolating 
digital filter (Burr-Brown DF1700P), and two third-order 
low-pass anti-imaging filters (implemented using Burr-Brown 
OPA2604APs). 

Using an 8x digital filter increases the number of samples to 
the DAC by a factor of 8, thereby reducing the need for a 
higher order reconstruction or anti-imaging analog filter on 
the DAC output. An analog filter can now be constructed 
using a simple phase-linear GIC (generalized immittance 
converter) architecture. Excellent sonic performance is 
achieved using a digital filter in the design, while reducing 
overall circuit complexity at the same time. 

Because of its superior low-level performance, the PCM63P 
is also ideally suited for other high-performance applications 
such as direct digital synthesis (DDS). 
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ANALOG-TO-DIGITAL CONVERTERS 


The Burr-Brown Analog-to-Digital (A/D) converter product line offers a 
broad selection of devices that enable you to choose the performance and 
price range ideally suited for your application. For example, the high- 
performance 12-bit ADC80, which converts to 12-bit accuracy in 25p,s, was 
originated by Burr-Brown in 1975 and has become an industry standard. 
The recently introduced ADC603 is a 12-bit, 10MHz A/D converter that 
offers the industry’s highest performance for RF signal processing applica- 
tions. A high-resolution converter, the ADC76, converts 16 bits to ±0.003% 
absolute accuracy in only 15|lis and is packaged in a 32-pin triple-wide dual- 
in-line package. Another performance category is total harmonic distortion 
for audio digital recording. 

All devices are complete and fully specified, with a track record of high 
reliability proven both in the field as well as in internal qualification testing. 
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ANALOG-TO-DIGITAL CONVERTERS 
SELECTION GUIDES 

The Selection Guide shows parameters for the high grade. Refer to the Product 
Data Sheet for a full selection of grades. Models shown in boldface are new 
products introduced since publication of the previous Burr -Brown IC Data 
Book. 


INSTRUMENTATION ANALOG-TO-DIGITAL CONVERTERS Boldface = NEW 


Conversion 
Time or 
Sampling NMC 



Resolution Linearity 

Input 

Rate 

Reso- 

Temp 


Q, Bl (4) Page 

Description 

Model 

(Bits) 

Error (%FSR) Range (V) (1) 

(ps) 

lution 

Ranged 

Pkg (3) 

Screen No. 

Data-Bus 

ADC700 

16 

±0.003 

5, 10, 20 U/B 

17 

14 

Mil, Ind, Com 

TDIP 

— 9.1-72 

Interface 










Industry Std 

ADC71 

16 

±0.003 

5,10, 20 U/B 

50 

14 

Ind, Com 

TDIP 

— S9.1-4 

Pinouts 

ADC76 

16 

±0.003 

5, 10, 20 U/B 

17 

14 

Ind, Com 

TDIP 

— S9.1-12 

Sampling 574 

ADS574 

12 

±0.012 

10, 20, U/B 

40kHz 

12 

Ind 

DIP, DDIP 

— S9.1-42 

Type 








SO 


Sampling 774 

ADS774 

12 

±0.012 

10, 20, U/B 100kHz 

12 

Ind 

DIP, DDIP 

— S9.1-42 

Type 








SO 


Sampling, 

ADS7800 

12 

±0.012 

10, 20 B 333kHz 

12 

Com, Ind 

DIP 

— S9.1-72 

Interface 








SO 


High-Accuracy, 

ADS7802 

12 

±0.012 

0 to +5 

8.5 

12 

Ind 

DDIP, PLCC 

— S9.1-153 

4-Channel, Auto- 










Calibration, 










Sampling 










Industry Std 

ADC574A 

12 

±0.012 

10, 20 U/B 

25 

12 

Mil, Ind, Com 

DDIP 

Bl 9.1-52 

Pinout and 

ADC674A 

12 

±0.012 

10, 20 U/B 

15 

12 

Mil,lnd,Com 

DDIP 

Bl 9.1-62 

Interface 

ADC774 

12 

±0.012 

10, 20 U/B 

8 

12 

Mil, Ind, Com 

DDIP 

Bl 9.1-32 

Sampling 

ADS807 

12 

±0.012 

10, 20 U/B 

100kHz 

12 

Mil, Ind, Com 

DDIP 

Bl S9.1-59 

Sampling 

ADS808 

12 

±0.012 

10, 20 U/B 

100kHz 

12 

Mil, Ind, Com 

DDIP 

Bl S9.1-59 

Medium Speed 

ADC80AG 

12 

±0.012 

5, 10, 20 U/B 

25 

12 

Ind 

TDIP 

Bl 9.1-20 

Monolithic 

ADC80MAH 

12 

±0.012 

5, 10, 20 U/B 

25 

12 

Ind 

TDIP 

Bl 9.1-36 

Medium Speed 

ADC84KG 

12 

±0.012 

5, 10. 20 U/B 

10 

12 

Ind 

TDIP 

Bl 9.1-44 


ADC85H 

12 

±0.012 

5, 10. 20 U/B 

10 

12 

Com 

TDIP 

Q, Bl 9.1-44 

Mil Temperature 

ADC87H 

12 

±0.012 

5, 10,20 U/B 

10 

12 

Mil 

TDIP 

Q 9.1-44 

Range 










Serial Output 

ADC804 

12 

±0.012 

5,10,20 U/B 

17 

12 

Mil,lnd,Com 

DDIP 

Q, Bl 9.1-78 


NOTES: (1) U/B indicates the input voltage range for the model: U = unipolar, B * Bipolar. (2) Com = 0°C to +70°C, Ind = -25°C 
to +85°C, Mil = -55°C to +125°C. (3) DIP = 0.3" wide DIP, DDIP - 0.6" wide DIP, TDIP - 0.9" wide DIP, PLCC = Plastic Leaded 
Chip Carrier, SO = Small Outline Surface Mount. (4) Q indicates optional reliability screening is available for this model. Bl indicates 
that an optional 160 hour burn-in is available for this model. 
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AUDIO, COMMUNICATIONS, DSP ANALOG-TO-DIGITAL CONVERTERS Boldface s NEW 

Conversion Time 





Linearity 

Input or Sampling 







Resolution 

Error, 

Range 

Rate 

THD 

Temp 


Q(3) 

Page 

Description 

Model 

(Bits) 

max(%FSR) 

(V) 

(HS) 

(dB.typ) 

Range (,) 

Pkg< 2 > 

Screen No. 

High 

Accuracy, 

ADC701 

16 

±0.003 

10V/20V 

1.5 

94W/SHC702 

Com 

TDIP 

— 

S9.2-137 

High Resolution 










Sampling, 

ADC614 

14 

±0.003 

±1.25 

5MHz 

76 

Com 

DIP 



S9.2-1 34 

High-Resolution 











ADC603 

12 

±0.018 

±1.25 

10MHz 

68 

Com, Mil 

DIP 

— 

S9.2-99 

High Spur- 
ious-Free 

ADC604 

12 

±0.024 

±1.25 

5MHz 

83 

Com 

DIP 

— 

S9.2-119 

Range 

ADC803 

12 

±0.012 

10V/20V 

1.5 

NA 

Ind, Mil 

TDIP 


9.2-124 


ADC601 

12 

±0.012 

10V/20V 

1.0 

70W/SHC802 

Com 

TDIP 


S9.2-83 

Sampling 

ADS602 

12 

±0.03 

10V/20V 

1MHz 

66 

Com 

TDIP 

— 

S9.1-51 


Time or 


Description 

Model 

Resolution 

(Bits) 

Typical 

Linearity 

Error 

Input 

Range 

(V) 

Sampling 

Rate 

(ps) 

THD+N 
dB, max 
(V IN = ±FS) 

Output 

Format 

Pkgw 

Page 

No.< 4 > 

High 

Performance 

PCM75 

16 

15-Bit 

14-Bit 

±2.5, ±5 
±10V 

17 

-64 (J) 
-88 (K) 

Parallel 
or Serial 

TDIP 

9.2-136 

Low Cost 

PCM78 

16 

14-Bit 

±3 

5 

-88 

Serial 

DDIP 

S9.2-165 

Dual 

PCM1750 

18 

14-Bit 

±2.75 

5 

-90 (P) 

Serial 

DDIP 

S9.2-187 

Single 

Channel 

DSP101 

18 

14-Bit 

±2.75 

5 

-90 

Serial 

DDIP 

SI 4-4 

Dual Channel 

DSP102 

18 

14-Bit 

±2.75 

5 

-90 

Serial 

DDIP 

S14-4I 


NOTES: (1) DIP = 0.3" wide DIP, DDIP = 0.6" wide DIP, TDIP = 0.9" wide DIP, PLCC = Plastic Leaded Chip Carrier, SO = Small 
Outline Surface Mount. 
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16 -Bit 

ANALOG-TO-DIGITAL CONVERTER 


FEATURES 

© 16-BIT RESOLUTION 
# ±0.003% MAXIMUM NONLINEARITY 
© COMPACT DESIGN: 32-pin Hermetic 
Ceramic Package 

© CONVERSION SPEED: 50^s max 
© LOW COST 


DESCRIPTION 

The ADC71 is a low cost, high quality, 16-bit succes- 
sive approximation analog-to-digital converter. It uses 
laser-trimmed ICs and is packaged in a convenient 32- 
pin hermetic ceramic dual-in-line package. The con- 
verter is complete with internal reference, clock, 
comparator, and thin-film scaling resistors, which al- 
low selection of analog input ranges of ±2.5V, ±5V, 
±10V, 0 to +5V, 0 to +10V and 0 to +20V. 

Data is available in parallel and serial form with 
corresponding clock and status output. All digital inputs 
and outputs are TTL-compatible. 

Power supply voltages are ±15VDC and +5VDC. 
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SPECIFICATIONS 

ELECTRICAL 

At +25°C and rated power supplies unless otherwise noted. 


MODEL 


RESOLUTION 


INPUTS 

ANALOG 

Voltage Ranges: Bipolar 
Unipolar 

Input Impedance (Direct Input) 
0 to +5V, ±2.5V 
0 to +10V, ±5.0V 
0 to +20V, ±10V 


ADC71J, K 
TYP 


| ±2.5, ±5, ±10| 

0 to +5, 0 to +10, 

1 0 to +20 I 


1 ADC71A, B 1 

MIN 

TYP 




16 

0 

±2.5, ±5, ±10 
to +5, 0 to +1C 
0 to +20 

2.5 

5 

10 

, 


% of FSR* 3 ' 
% of FSR 
% of FSR 
% of FSR 
LSB 

% of FSR 



ppm/°C 

ppm of FSR/°C 
ppm of FSR/°C 
ppm of FSR/°C 


TRANSFER CHARACTERISTICS 
ACCURACY 

Gain Error* 2 * 

Offset* 2 ': Unipolar 
Bipolar 

Linearity Error: K, B 
J, A 

Inherent Quantization Error 
Differential Linearity Error 

POWER SUPPLY SENSITIVITY 
±1 5VDC 

+5VDC 

CONVERSION TIME* 4 * 

14 Bits 


WARM-UP TIME 


DRIFT 

Gain 

Offset: Unipolar 
Bipolar 
Linearity 

No Missing Codes Temp Range 

J, A (13-Bits) 

K, B (14-Bits) 


OUTPUT 
DIGITAL DATA 

(All Codes Complementary) 
Parallel Output Codes**': Unipolar 
Bipolar 

Output Drive 
Serial Data Code (NRZ) 

Output Drive 
Status 

Status Output Drive 
Clock Output Drive 
Frequency* 7 ' 


INTERNAL REFERENCE VOLTAGE 
Max External Current with 
No Degradation of Specs 
Temp Coefficient 


POWER SUPPLY REQUIREMENTS 

Power Consumption 

Rated Voltage, Analog 

Rated Voltage, Digital 

Supply Drain +15VDC 

Supply Drain -15VDC 

Supply Drain +5VDC 

TEMPERATURE RANGE — 

Specification 

Operating (Derated Specs) 

Storage 


NOTES: (1) CMOS/TTL compatible, i.e., Logic “0” = 0.8V, max Logic “1" = 2.0V, min for inputs, for digital outputs Logic “0" ** +0.4V, max Logic “1" =* 2.4V min. 
(2) Adjustable to zero. (3) FSR means Full Scale Range, for example, unit connected for ±10V range has 20V FSR. (4) Conversion time may be shortened with 
“Short Cycle” set for lower resolution, see “Additional Connections Required” section. (5) See Table I. CSB - Complementary Straight Binary. COB - Complementary 
Offset Binary. CTC - Complementary Two’s Complement. (6) CTC coding obtained by inverting MSB (Pin 1 ). 


TTL Loads 
TTL Loads 
kHz 
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MECHANICAL 



ABSOLUTE MAXIMUM SPECIFICATIONS 


+V CC to Common 0 to +16.5V 

-V cc to Common OV to -1 6.5V 

+V D0 to Common OV to +7V 

Analog Common to Digital Common ±0.5 V 

Logic Inputs to Common OV to V DD 

Maximum Power Dissipation 1000m W 

Lead Temperature (10s) 300°C 


ORDERING INFORMATION 


MODEL 

TEMP RANGE 

NONLINEARITY 

ADC71JG 

ADC71KG 

ADC71AG 

ADC71BG 

0°C to +70°C 

0°C to +70 °C 
-25°C to +85°C 
-25°C to +85°C 

±0.006% FSR 
±0.003% FSR 
±0.006% FSR 
±0.003% FSR 
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TYPICAL PERFORMANCE CURVES 


GAIN DRIFT ERROR (% OF FSR) 



-25°C 0°C +25°C +70°C +85°C 

Temperature (°C) 


POWER SUPPLY REJECTION vs 



1 10 100 Ik 10k 100k 

Frequency (Hz) 


DISCUSSION OF 
PERFORMANCE 

The accuracy of a successive approximation A/D converter is 
described by the transfer function shown in Figure 1. All 
successive approximation A/D converters have an inherent 
Quantization Error of ±1/2 LSB. The remaining errors in the 
A/D converter are combinations of analog errors due to the 
linear circuitry, matching and tracking properties of the 
ladder and scaling networks, power supply rejection, and 
reference errors. In summary, these errors consist of initial 
errors including Gain, Offset, Linearity, Differential Linear- 
ity, and Power Supply Sensitivity. Initial Gain and Offset 
errors may be adjusted to zero. Gain drift over temperature 
rotates the line (Figure 1) about the zero or minus full scale 
point (all bits Off) and Offset drift shifts the line left or right 
over the operating temperature range. Linearity error is 
unadjustable and is the most meaningful indicator of A/D 
converter accuracy. Linearity error is the deviation of an 
actual bit transition from the ideal transition value at any 



FIGURE 1. Input vs Output for an Ideal Bipolar A/D 
Converter. 


level over the range of the A/D converter. A Differential 
Linearity error of ±1/2 LSB means that the width of each bit 
step over the range of the A/D converter is 1 LSB, ±1/2 LSB. 

The ADC71 is monotonic, assuring that the output digital 
code either increases or remains the same for increasing 
analog input signals. Burr-Brown guarantees that these con- 
verters will have no missing codes over a specified tempera- 
ture range when short-cycled for 14-bit operation. 


TIMING CONSIDERATIONS 

The timing diagram (Figure 2) assumes an analog input such 
that the positive true digital word 1001 1000 1001 0110 
exists. The output will be complementary as shown in Figure 
2 (01 10 01 1 1 01 10 1001 is the digital output). Figures 3 and 
4 are timing diagrams showing the relationship of serial data 
to clock and valid data to status. 


DEFINITION OF 
DIGITAL CODES 

PARALLEL DATA 

Two binary codes are available on the ADC71 parallel 
output; they are complementary (logic “0” is true) straight 
binary (CSB) for unipolar input signal ranges and comple- 
mentary offset binary (COB) for bipolar input signal ranges. 
Complementary two’s complement (CTC) may be obtained 
by inverting MSB (Pin 1). 

Table I shows the LSB, transition values, and code defini- 
tions for each possible analog input signal range for 12-, 13- 
and 14-bit resolutions. Figure 5 shows the connections for 
14-bit resolution, parallel data output, with ±10V input. 
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FIGURE 2. ADC71 Timing Diagram. 



FIGURE 3. Timing Relationship of Serial Data to Clock. FIGURE 4. Timing Relationship of Valid Data to Status. 


Binary (BIN) 

Output 



INPUT VOLTAGE RANGE AND LSB VALUES 



Analog Input 

Voltage Range 

Defined As: 

±10V 

±5V 

±2.5V 

Oto+IOV 

0 to +5V 

0 to +20V 

Code 

Designation 


COB*’) 
or CTC (2 > 

COB*’) 
or CTC (2 > 

O o 
° * 

CSB' 3 ) 

CSB' 3 ' 

CSB' 3 ' 

One Least 

FSR 

20V 

10V 

5V 

10V 

5V 

20V 

Significant 

2" 

2 n 

2 n 

2" 

2” 

2” 

2” 

Bit (LSB) 

n = 12 

4.88mV 

2.44mV 

1.22mV 

2.44mV 

1.22mV 

4.88mV 


n = 13 

2.44mV 

1.22mV 

610pV 

1.22mV 

610p.V 

2.44mV 


n = 14 

1.22mV 

610|iV 

305pV 

610pV 

305p.V 

1.22mV 

Transition Values 

MSB LSB 

000 ... 000< 4 > 

+Full Scale 

+10V-3/2LSB 

+5V-3/2LSB 

+2.5V-3/2LSB 

+10V-3/2LSB 

+5V— 3/2LSB 

+20V-3/2LSB 

011 ... Ill 

Mid Scale 

0 

0 

0 

+5V 

+2.5V 

+10V 

111... 110 

-Full Scale 

-10V +1/2LSB 

-5V +1/2 LSB 

-2.5V +1/2LSB 

0 +1/2LSB 

0 +1/2LSB 

0 +1/2LSB 

1 NOTES: (1) COB = Complementary Offset Binary. (2) Complementary Two's Complement— obtained by inverting the most significant bit MSB (pin 1). (3) CSB 1 

| = Complementary Straight Binary. (4) Voltages given are the nominal value for transition to the code specified. 


1 


TABLE I. Input Voltages, Transition Values, LSB Values, and Code Definitions. 
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FIGURE 5. ADC71 Connections for: ±10V Analog Input, 14-Bit Resolution (Short-Cycled), Parallel Data Output. 


SERIAL DATA 

Two straight binary (complementary) codes are available on 
the serial output line: CSB and COB. The serial data is 
available only during conversion and appears with MSB 
occurring first. The serial data is synchronous with the inter- 
nal clock as shown in the timing diagrams of Figures 2 and 
3. The LSB and transition values shown in Table I also apply 
to the serial data output except for the CTC code. 

DISCUSSION 
OF SPECIFICATIONS 

The ADC71 is specified to provide critical performance 
criteria for a wide variety of applications. The most critical 
specifications for an A/D converter are linearity, drift, gain 
and offset errors. This ADC is factory-trimmed and tested for 
all critical key specifications. 



FIGURE 6. Two Methods of Connecting Optional Offset 
Adjust with a 0.4% of FSR of Adjustment. 


GAIN AND OFFSET ERROR 

Initial Gain and Offset errors are factory-trimmed to typi- 
cally ±0. 1 % of FSR (typically ±0.05% for unipolar offset) at 
25°C. These errors may be trimmed to zero by connecting 
external trim potentiometers as shown in Figures 6 and 7. 


POWER SUPPLY SENSITIVITY 

Changes in the DC power supplies will affect accuracy. The 
power supply sensitivity is specified for ±0.003% of FSR/ 
%AV S for±15V supplies and ±0.001% of FSR^ for +5 
supplies. Normally, regulated power supplies with 1 % or less 
ripple are recommended for use with this ADC. See Layout 
Precautions, Power Supply Decoupling and Figure 8. 


Gain Adjust 


270kO 

-AAV 


=:o.oijjF 


Analog Common 


h +15VDC 

-< lOkOtolOOkn 
> Gain Adjust 

’ f -15VDC 


FIGURE 7. Connecting Optional Gain Adjust with a 0.2% 
Range of Adjustment. 
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FIGURE S. Recommended Power Supply Decoupling. 



LAYOUT AND 

OPERATING INSTRUCTIONS 

LAYOUT PRECAUTIONS 

Analog and digital common are not connected internally in 
the ADC7 1 but should be connected together as close to the 
unit as possible, preferably to a large plane under the ADC. 
If these grounds must be run separately, use wide conductor 
patterns and a O.OljiF to 0.1 jiF non-polarized bypass capaci- 
tor between analog and digital commons at the unit. Low 
impedance analog and digital commons returns are essential 
for low noise performance. Coupling between analog inputs 
and digital lines should be minimized by careful layout. The 
comparator input (Pin 27) is extremely sensitive to noise. 
Any connection to this point should be as short as possible 
and shielded by Analog Common patterns. 

POWER SUPPLY DECOUPLING 

The power supplies should be bypassed with tantalum ca- 
pacitors as shown in Figure 8 to obtain noise free operation. 
These capacitors should be located close to the ADC. 

INPUT SCALING 

The analog input should be scaled as close to the maximum 
input signal range as possible in order to utilize the maximum 
signal resolution of the A/D converter. Connect the input 
signal as shown in Table II. See Figure 9 for circuit details. 


OPTIONAL EXTERNAL GAIN 
AND OFFSET ADJUSTMENTS 

Gain and Offset errors may be trimmed to zero using external 
gain and offset trim potentiometers connected to the ADC as 
shown in Figure 6 and 7. Multitum potentiometers with 
100ppm/°C or better TCRs are recommended for minimum 
drift over temperature and time. These pots may be any value 
from lOkQ to lOOkQ. All resistors should be 20% carbon or 
better. Pin 29 (Gain Adjust) and Pin 27 (Offset Adjust) may 
be left open of no external adjustment is required. 

ADJUSTMENT PROCEDURE 

OFFSET — Connect the Offset potentiometer (make sure Rj 
is as close to pin 27 as possible) as shown in Figure 6. Sweep 
the input through the end point transition voltage that should 
cause an output transition to all bits Off (E^). 

Adjust the Offset potentiometer until the actual end point 
transition voltage occurs at E^. The ideal transition voltage 
values of the input are given in Table I. 

GAIN — Connect the Gain Adjust potentiometer as shown 
in Figure 7. Sweep the input through the end point transition 
voltage that should cause an output transition to all bits on 
(E^). Adjust the Gain potentiometer until the actual end 
point transition voltage occurs at E^. 

Table I details the transition voltage levels required. 


Input 

Signal 

Range 

Output 

Code 

Connect 
Pin 26 

To Pin 

Connect 
Pin 24 

To 

Connect 

Input 

Signal 

To Pin 

±10V 

COB or CTC* 

27 

Input Signal 

24 

±5V 

COB or CTC* 

27 

Open 

25 

12.5V 

COB or CTC* 

27 

Pin 27 

25 

0 to +5V 

CSB 

22 

Pin 27 

25 

Oto+IOV 

CSB 

22 

Open 

25 

0 to +20V 

CSB 

22 

Input Signal 

24 


'Obtained by inverting MSB pin 1. 


TABLE II. ADC71 Input Scaling Connections. 


CONVERT COMMAND CONSIDERATIONS 

Convert command resets the converter whenever taken high. 
This insures a valid conversion on the first conversion after 
power-up. 

Convert command must stay low during a conversion unless 
it is desired to reset the converter during a conversion. 

ADDITIONAL CONNECTIONS REQUIRED 

The ADC71 may be operated at faster speeds by connecting 
the Short-Cycle Input, pin 32, as shown in Table III. Conver- 
sion speeds, linearity, and resolutions are shown for refer- 
ence. 
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OUTPUT DRIVE 

Normally all ADC7 1 logic outputs will drive two standard 
TTL loads; however, if long digital lines must be driver, 
external logic buffers are recommended. 


HEAT DISSIPATION 

The ADC71 dissipates approximately 0.6W (typical) and the 
packages have a case-to-ambient thermal resistance (0 CA ) of 
25°C/W. For operation above 85°C, 0 CA should be lowered 
by a heat sink or by forced air over the surface of the package. 
See Figure 10 for 0 CA requirement above 85°C. If the con- 
verter is mounted on a PC card, improved thermal contact 
with the copper ground plane under the case can be achieved 
using a silicone heat sink compound. On a 0.062" thick PC 
card with a 16 square in (min) area, this techniques will allow 
operation to 85°C. 


Resolution (Bits) 

16 

14 

13 

12 

Connect Pin 32 to 

Open 

Pin 15 

Pin 14 

Pin 13 

Maximum Conversion 
Speed (jis) (, » 

57 

50 

46.5 

43 

Maximum Nonlinearity 
at 25°C (% of FSR) 

0.003 (2 > 

0.003 12 ' 

0.006 

0.006 

NOTES: (1) Max conversion time to maintain specified nonlinearity error. 

(2) BH and KH models only. 


TABLE III. Short-Cycle Connections and Specifications for 
12- to 14-Bit Resolutions. 
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FIGURE 10. 0 CA Requirement Above 85°C. 
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1 6-Bit 

ANALOG-TO-DIGITAL CONVERTER 


FEATURES 

• COMPACT DESIGN: 32-Pin Hermetic 
Side-Brazed Package 

• 16-BIT RESOLUTION 

• LINEARITY ERROR ±0.003% max (KH, BH) 

• NO MISSING CODES GUARANTEED FROM 
-25°C TO +85°C 

• 17^is CONVERSION TIME (16-Bit) 

• SERIAL AND PARALLEL OUTPUTS 

• LOW COST 


DESCRIPTION 

The ADC76 is a low cost, high quality, 16-bit succes- 
sive approximation analog-to-digital converter. The 
ADC76 uses state-of-the-art laser-trimmed IC thin- 
film resistors and is packaged in a hermetic 32-pin 
dual-in-line package. The converter is complete with 
internal reference, short cycling capabilities, serial out- 
put, and thin-film scaling resistors, which allow selec- 
tion of analog input ranges of ±2.5V, ±5V, ±10V, 0 to 
+5V, 0 to + 10V and 0 to +20V. 

It is specified for operation over two temperature 
ranges: 0°C to +70°C (J, K) and -25°C to +85°C (A, 
B). 

Data is available in parallel and serial form with 
corresponding clock and status output. All digital inputs 
and outputs are TTL-compatible. 

Power supply voltages are ±15VDC and +5VDC. 


1 6-Bit D/A 
Converter , 


16-Bit 

Successive Approx. 
Register (SAR) 


) Short Cycle 
) Convert Command 

) ■» Input Range 
J Select 


I _ . O Clock Rate Control 

aock I O Clock Out 

O Status 

— — 1 1 11 O Serial Out 

International Airport Industrial Park • Mailing Address: P0 Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800) 548-6132 
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SPECIFICATIONS 


ELECTRICAL 

At +25°C and rated power supplies unless otherwise noted. 



ADC76J, K 

ADC76A, B 


MODEL 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 



16 



* 

Bits 

ANALOG INPUTS 








Voltage Ranges: Bipolar 


±2.5, ±5. ±10 



* 


V 

Unipolar 


0 to +5, 0 to +10 



* 


V 



0 to +20 



* 



Impedance (Direct Input) 








0 to +5V, ±2.5V 


2.5 



* 


kn 

0 to +10V, ±5.0V 


5 



* 


kn 

0 to +20V, ±10V 


10 



* 


kn 

DIGITAL INPUTS'” 








Convert Command 

Positive pulse 50ns wide (min) trailing edge (“1" to “0" initiates conversion) 


Logic Loading 

■ _ 

___ 

' 1 - L_ _ _ 


TTL Load 

| TRANSFER CHARACTERISTICS | 

ACCURACY 








Gain Error* 2 ’ 


±0.1 

±0.2 


* 

* 

% 

Offset Error: Unipolar' 2 ' 


±0.05 

±0.1 


* 

* 

% of FSR' 3 ’ 

Bipolar* 2 ’ 


±0.1 

±0.2 


* 

* 

% of FSR 

Linearity Error: K, B 



±0.003 



* 

% of FSR 

J, A 



±0.006 



* 

% of FSR 

Inherent Quantization Error 


±1/2 



* 


LSB 

Differential Linearity Error 


±0.003 



* 


% of FSR 

Noise (3o, p-p) 


±0.001 

±0.003 


* 

* 

% of FSR 

POWER SUPPLY SENSITIVITY 








±15VDC 


0.003 



* 


% of FSR/%V s 

+5VDC 


0.001 



* 


% of FSR/%V s 

CONVERSION TIME' 4 ’ 








14 Bits 



15 



* 

ps 

15 Bits 



16 



* 

ps 

16 Bits 



17 



* 

ps 

WARM-UP TIME 

5 



* 



Min 

DRIFT 








Gain 



±15 



* 

ppm/°C 

Offset: Unipolar 


±2 

±4 


* 

* 

ppm of FSR/°C 

Bipolar 



±10 



* 

ppm of FSR/°C 

Linearity 


±2 

±3 


* 

* 

ppm of FSR/°C 

No Missing Codes Temp Range 








J, A (13-bit) 

0 


+70 

-25 


+85 

°C 

K, B (14-bit) 

0 


+70 

-25 


+85 

°C 

OUTPUT DIGITAL DATA 








(All codes complementary) 








Parallel 








Output Codes' 5 ’: Unipolar 


CSB 



* 



Bipolar 


COB, CTC' 6 ’ 



* 



Output Drive 



2 



* 

TTL Loads 

Serial Data Code (NR2) 


CSB, COB 



* 



Output Drive 



2 



* 

TTL Loads 

Status 

Logic “1" during conversion 


* 



Status Output Drive 



2 



* 

TTL Loads 

Internal Clock: Clock Output Drive 



2 



* 

TTL Loads 

Frequency' 7 ’ 

933 


1400 

* 


* 

kHz 

POWER SUPPLY REQUIREMENTS 








Power Consumption 


0.655 





W 

Rated Voltage: Analog 

±11.4 

±15 

±16 

* 



VDC 

Digital 

+4.75 

+5 

+5.25 

• 



VDC 

Supply Drain: +15VDC 


+10 

+15 




mA 

-15VDC 


-28 

-35 




mA 

+5VDC 


+17 

+20 




mA 

TEMPERATURE RANGE 








Specification 

0 


+70 

-25 


+85 

°C 

Storage 

-55 


+125 

* 


* 

°C 


‘Specification same as ADC76J, K. 

NOTES: (1) CMOS/TTL compatible, i.e., Logic “0" = 0.8V, max, Logic “1” = 2.0V, min for inputs. For digital outputs Logic “0" = 0.4V, max, Logic “V = 2.4V, min. (2) 
Adjustable to zero. See “Optional External Gain and Offset Adjustment" section. (3) FSR means Full Scale Range. For example, unit connected for±10V range 
has 20V FSR. (4) Conversion time may be shortened with “Short Cycle" set for lower resolution and with use of Clock Rate Control. See “Optional Conversion Time 
Adjustment" section. The Clock Rate Control (pin 23) should be connected to Digital Common for specified conversion time. Short Cycle (pin 32) should be left open 
for 1 6-bit resolution or connected to the n + 1 digital output for n-bit resolution. For example, connect Short Cycle to Bit 1 5 (pin 1 5) for 1 4-bit resolution. For resolutions 
less than 16 bits, pin 32 should also be tied to +5V through a 2kQ resistor. (5) See Table I. CSB — Complementary Straight Binary, COB — Complementary Offset 
Binary, CTC — Complementary Two’s Complement. (6) CTC coding obtained by inverting MSB (pin 1). (7) Adjustable with Clock Rate Control from approximately 
933kHz to 1.4MHz. See Figures 12 and 13 and Table III. 
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MECHANICAL 



+V CC to Common . 0 to +16.5V 

-V cc to Common OV to -16.5V 

+V D0 to Common OV to +7V 

Analog Common to Digital Common ±0.5 V 

Logic Inputs to Common OV to V DD 

Maximum Power Dissipation lOOOmW 

Lead Temperature (10s) 300°C 


PIN CONFIGURATION 



TOP VIEW 



Short Cycle 
Convert Command 
+5V Supply 
Gain Adjust 
+15V Supply 
Comparator In 
Bipolar Offset 
10V 
20 V 

Clock Rate Control 
Analog Common 
-15 V Supply 
Clock Out 
Digital Common 
Status 
Serial Out 
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TYPICAL PERFORMANCE CURVES 


GAIN DRIFT ERROR (% OF FSR) 



+25 

Temperature (°C) 


POWER SUPPLY REJECTION vs 



Frequency (Hz) 


THEORY OF OPERATION 

The accuracy of a successive approximation A/D converter 
is described by the transfer function shown in Figure 1. All 
successive approximation A/D converters have an inherent 
quantization error of ±1/2LSB. The remaining errors in the 
A/D converter are combinations of analog errors due to the 
linear circuitry, matching and tracking properties of the 
ladder and scaling networks, power supply rejection, and 
reference errors. In summary, these errors consist of initial 
errors including Gain, Offset, Linearity, Differential Linear- 
ity, and Power Supply Sensitivity. Initial Gain and Offset 
errors may be adjusted to zero. Gain drift over temperature 
rotates the line (Figure 1) about the zero or minus full scale 
point (all bits Off) and Offset drift shifts the line left or right 
over the operating temperature range. Linearity error is 
unadjustable and is the most meaningful indicator of A/D 
converter accuracy. Linearity error is the deviation of an 
actual bit transition from the ideal transition value at any 
level over the range of the A/D converter. A differential 
linearity error of ±1/2LSB means that the width of each bit 
step over the range of the A/D converter is 1LSB, ±1/2LSB. 



ewOff 

‘See Table I for Digital Code Definitions. 


FIGURE 1. Input vs Output for an Ideal Bipolar A/D 
Converter. 


The ADC76 is also monotonic, assuring that the output 
digital code either increases or remains the same for increas- 
ing analog input signals. Burr-Brown also guarantees that 
this converter will have no missing codes over a specified 
temperature range when short cycled for 14-bit operation 


TIMING CONSIDERATIONS 

The timing diagram in Figure 2 assumes an analog input 
such that the positive true digital word 1001 1000 1001 01 10 
exists. The output will be complementary as shown in Figure 
2 (01 10 0111 0110 1001 is the digital output). Figures 3 and 
4 are timing diagrams showing the relationship of serial data 
to clock, and valid data to status. 


DIGITAL CODES 
Parallel Data 

Two binary codes are available on the ADC76 parallel 
output: they are complementary (logic “0” is true) straight 
binary (CSB) for unipolar input signal ranges, and comple- 
mentary offset binary (COB) for bipolar input signal ranges. 
Complementary two’s complement (CTC) may be obtained 
by inverting the MSB (pin 1). 

Table I shows the LSB, transition values, and code defini- 
tions for each possible analog input signal range for 12-, 13- 
and 14-bit resolutions. Figure 5 shows the connections for 
14-bit resolution, parallel data output, with ±10V input. 

Serial Data 

Two straight binary (complementary) codes are available on 
the serial output line: CSB and COB. The serial data is 
available only during conversion and appears with MSB 
occurring first. The serial data is synchronous with the 
internal clock as shown in the timing diagrams of Figures 2 
and 3. The LSB and transition values shown in Table I also 
apply to the serial data output except for the CTC code. 


Burr-Brown 1C Data Book Supplement, Vol. 33b 


9.1-15 


ADC76 pi INSTRUMENTATION A/D CONVERTERS 



For Immediate Assistance, Contact Your Local Salesperson 



FIGURE 3. Timing Relationship of Serial Data to Clock. FIGURE 4. Timing Relationship of Valid Data to Status. 


BINARY 







■■■ 

(BIN) OUTPUT 

■ 


INPUT VOLTAGE RANGE AND LSB VALUES 



Analog Input 

Voltage Range 

Defined As: 

±10V 

±5V 

±2.5V 

0 to +IOV 

0 to +5V 

0 to +20V 

Code 


COB ( " 

COB<" 

COB' 1 * 




Designation 


or CTC (2) 

or CTC' 2 » 

or CTC< 2 > 

CSB (3) 

CSB< 3 > 

CSB< 3 > 

One Least 

FSR 

20V 

10V 

5V 

10V 

5V 

20V 

Significant 

2" 

2" 

2 n 

2 n 

2" 

2 n 

2" 

Bit (LSB) 

n = 12 

4.88mV 

2.44mV 

1.22mV 

2.44mV 

1.22mV 

4.88mV 


n = 13 

2.44mV 

1.22mV 

610fiV 

1.22mV 

610pV 

2.44mV 


n = 14 

1.22mV 

610|iV 

305M-V 

610jiV 

305 *iV 

1.22mV 

Transition Values 

MSB LSB 

000 ... 000< 4 > 

+Full Scale 

+10V-3/2LSB 

+5V-3/2LSB 

+2.5V-3/2LSB 

+1 0V-3/2LSB 

+5V-3/2LSB 

+20V-3/2LSB 

011 ... Ill 

Mid Scale 

0 

0 

0 

+5V 

+2.5V 

+10V 

111 ... 110 

-Full Scale 

-10V +1/2LSB 

-5V +1/2LSB 

-2.5 V +1/2LSB 

0 +1/2LSB 

0 +1/2LSB 

0 +1/2LSB 

1 NOTES: (1) COB = Complementary Offset Binary. (2) Complementary Two’s Complement — obtained by inverting the most significant bit MSB (pin 1). (3) CSB 1 

1 = Complementary Straight Binary. (4) Voltages given are the nominal value for transition to the code specified. 


■ 


TABLE I. Input Voltages, Transition Values, LSB Values, and Code Definitions. 
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1 

1 

Dotted Lines 

1 

Are External 

1 

1 

Connections 

1 

1 

1 

1 

r — 

1 

1 

ADC76 

1 

1 

1 

r — 

1 

1 

1 

1 

I— 

l 

1 

1 

1 

1 

1 

1 


~1 

— n nine* 


- Convert Command From 
‘ Control Logic 


1.8MQ I 

— VWn ! 

: — * 

FT1 

Bipolar GairT*< 

Otfset | Adjust 1 

£ioknto 
> iookn 

Offset ^ 
Adjust < 





IpF 






20 

T9] 

18 

17| Serial Out 


, Analog Input 
> ±10V 


-► Status Output to | Common 

Control Logic \7 

‘Capacitor should be connected even if external gain adjust is not used. 


FIGURE 5. ADC76 Connections for: ±10V Analog Input, 14-Bit Resolution (Short-Cycled), Parallel Data Output. 


DISCUSSION 
OF SPECIFICATIONS 

The ADC76 is specified to meet critical performance criteria 
for a wide variety of applications. The most critical specifi- 
cations for an A/D converter are linearity, drift, gain and 
offset errors, and conversion speed effects on accuracy. This 
ADC is factory-trimmed and tested for all critical key 
specifications. 


DIFFERENTIAL LINEARITY ERROR 

Differential linearity describes the step size between transi- 
tion values. A differential linearity error of ±0.003% of FSR 
indicates that the size of any step may not vary from the ideal 
step size by more than 0.003% of Full Scale Range. 


GAIN AND OFFSET ERROR 

Initial Gain and Offset errors are factory-trimmed to typi- 
cally ±0.1% of FSR (±0.05% for unipolar offset) at 25°C. 
These errors may be trimmed to zero by connecting external 
trim potentiometers as shown in Figures 10 and 11. 


ACCURACY VERSUS SPEED 

In successive approximation A/D converters, the conver- 
sion speed affects linearity and differential linearity errors. 
Conversion speed and its effect on linearity and differential 
linearity errors for the ADC76 are shown in Figure 6. 


POWER SUPPLY SENSITIVITY 

Changes in the DC power supply voltages will affect accu- 
racy. The ADC76 power supply sensitivity is specified at 
±0.003% of FSR/%V s for the ±15V supplies and ±0.0015% 
of FSR/%V s for the +5V supply. Normally, regulated power 
supplies with 1% or less ripple are recommended for use 
with this ADC. See Layout Precautions, Power Supply 
Decoupling, and Figure 7. 

LINEARITY ERROR 

Linearity error is not adjustable and is the most meaningful 
indicator of A/ D converter accuracy. Linearity is the devia- 
tion of an actual bit transition from the ideal transition value 
at any level over the range of the A/D converter. 



FIGURE 6. Linearity Versus Conversion Time. 
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LAYOUT AND 

OPERATING INSTRUCTIONS 

LAYOUT PRECAUTIONS 

Analog and digital common are not connected internally in 
the ADC76, but should be connected together as close to the 
unit as possible, preferably to a large plane under the ADC. 
If these grounds must be run separately, use a wide conduc- 
tor pattern and a 0.0 lpF to 0.1 pF nonpolarized bypass 
capacitor between analog and digital commons at the unit. 
Low impedance analog and digital common returns are 
essential for low noise performance. Coupling between 
analog inputs and digital lines should be minimized by 
careful layout. The comparator input (pin 27) is extremely 
sensitive to noise. Any connection to this point should be as 
short as possible and shielded by Analog Common or 
±15VDC supply patterns. 

POWER SUPPLY DECOUPLING 

The power supplies should be bypassed with tantalum or 
electrolytic capacitors as shown in Figure 7 to obtain noise 
free operation. These capacitors should be located close to 
the ADC. 


+5VDC 

nn -15VDC 


+ Analog 
Common 


1 1221 ijjf z 

_ IpF [ii] 

, 1771 iuf:i 

+ 

Digital 

Common 

* LL2J 

I 28 ! 

+15VDC 


FIGURE 7. Recommended Power Supply Decoupling. 


INPUT SCALING 

The analog input should be scaled as close to the maximum 
input signal range as possible in order to utilize the maxi- 
mum signal resolution of the A/D converter. Connect the 
input signal as shown in Table II. See Figure 8 for circuit 
details. 


INPUT 

SIGNAL 

RANGE 

OUTPUT 

CODE 

CONNECT 
PIN 26 

TO PIN 

CONNECT 
PIN 24 

TO 

CONNECT 

INPUT 
SIGNAL 
TO PIN 

±10V 

COB or CTC* 

27 

Input Signal 

24 

+5V 

COB or CTC* 

27 

Open 

25 

±2.5V 

COB or CTC* 

27 

Pin 27 

25 

0 to +5V 

CSB 

22 

Pin 27 

25 

0 to +10V 

CSB 

22 

Open 

25 

0 to +20V 

CSB 

22 

Input Signal 

24 


'Obtained by inverting MSB pin 1. 

TABLE II. ADC76 Input Scaling Connections. 
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OUTPUT DRIVE 

Normally all ADC76 logic outputs will drive two standard 
TTL loads; however, if long digital lines must be driven, 
external logic buffers are recommended. 

INPUT IMPEDANCE 

The input signal to the ADC76 should be low impedance, 
such as the output of an op amp, to avoid any errors due to 
the relatively low input impedance of the ADC76. 

If this impedance is not low, a buffer amplifier should be 
added between the input signal and the direct input to the 
ADC76 as shown in Figure 9. 



OPTIONAL EXTERNAL GAIN 
AND OFFSET ADJUSTMENTS 

Gain and Offset errors may be trimmed to zero using 
external gain and offset trim potentiometers connected to the 
ADC as shown in Figures 10 and 11. Multitum potentiome- 
ters with 100ppm/°C or better TCRs are recommended for 
minimum drift over temperature and time. These pots may 
be any value from lOkQ to lOOkQ. All resistors should be 
20% carbon or better. Pin 29 (Gain Adjust) and pin 27 
(Offset Adjust) may be left open if no external adjustment is 
required; however, pin 29 should always be bypassed with 
0.01 pF to Analog Common. 

ADJUSTMENT PROCEDURE 

Offset — Connect the Offset potentiometer (make sure R, is 
as close to pin 27 as possible) as shown in Figure 10. 

Sweep the input through the end point transition voltage that 
should cause an output transition to all bits off (E^ Off), 
Figure 1. 
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(a) 


Comparator In 


1.8MO 

-AAV 

R 1 


+15VDC 


-< 10kQ to lOOkfl 
> Offset Adjust 


-15VDC 


(b) R-| 


+15VDC 


r 180kQ 1 80kJTi 

|27| — WV — * WV- 


Comparator In 


► 22UQ 


lOkfito lOOkO 
Offset Adjust 


-15VDC 


FIGURE 10. Two Methods of Connecting Optional Offset 
Adjust. 


Gain Adjust 


270kO 

-AAV 


: o.oi pF 


d} 


Analog Common 


a +15VDC 

-k lOkQtO 100k £1 
> Gain Adjust 

» -15VDC 


FIGURE 11. Connecting Optional Gain Adjust. 


Adjust the Offset potentiometer until the actual end point 
transition voltage occurs at E 1N Off. The ideal transition 
voltage values of the input are given in Table I. 

Gain — Connect the Gain adjust potentiometer as shown in 
Figure 11. Sweep the input through the end point transition 
voltage; that should cause an output transition to all bits on 
E ]N On. Adjust the Gain potentiometer until the actual end 
point transition voltage occurs at E^ On. 

Table I details the transition voltage levels required. 


CONVERT COMMAND CONSIDERATIONS 

Convert command resets the converter whenever taken high. 
This insures a valid conversion on the first conversion after 
power-up. 

Convert command must stay low during a conversion unless 
it is desired to reset the converter during a conversion. 


OPTIONAL CONVERSION TIME ADJUSTMENT 

The ADC76 may be operated with faster conversion times 
for resolutions less than 14 bits by connecting the Short 
Cycle (pin 32) as shown in Table III. Typical conversion 
times for the resolution and connections are indicated. 


Resolution (Bits) 

16 

15 

14 

13 

12 

Connect Pin 32 to 

Open 

Pin 16 

Pin 15 

Pin 14 

Pin 13 

Typical Conversion Time 

17ps 

16ps 

15 ps 

13ps 

12ps 


TABLE III. Short Cycle Connections for 12- to 16-Bit 
Resolutions. 


Clock Rate Control may be connected to an external multi- 
turn trim potentiometer with a TCR of ±10ppm/°C or less as 
shown in Figure 12. The typical conversion time versus the 
Clock Rate Control voltage is shown in Figure 13. The effect 
of varying the conversion time and the resolution on Linear- 
ity Error and Differential Linearity Error is shown in Figure 
6 . 



. +15VDC 

mi 

5k £j Internal Clock 

Clock Rate Control 

% Frequency Adjust 

J — 




FIGURE 12. Clock Rate Control, Optional Fine Adjust. 



0 2 4 6 8 


Control Voltage on Pin 23 (V) 


FIGURE 13. Conversion Time vs Clock Rate Control 
Voltage. 


Burr-Brown 1C Data Book Supplement, Vol. 33b 


9.1-19 


ADC76 M INSTRUMENTATION A/D CONVERTERS 









For Immediate Assistance, Contact Your Local Salesperson 



16-Bit Resolution With Microprocessor Interface 

A/D CONVERTER 


FEATURES 

• COMPLETE WITH REFERENCE, CLOCK, 
8-BIT PORT MICROPROCESSOR 
INTERFACE 

• CONVERSION TIME: 17ns max 

• LINEARITY ERROR: ±0.003% FSR max 

• NO MISSING CODES TO 14 BITS OVER 
TEMPERATURE 

• SPECIFIED AT ±12V AND ±15V SUPPLIES 

• OUTPUT BUFFER LATCH FOR IMPROVED 
INTERFACE TIMING FLEXIBILITY 

• PARALLEL AND SERIAL DATA OUTPUT 

• SMALL PACKAGE: 28-Pin DIP 


DESCRIPTION 

The ADC700 is a complete 16-bit resolution succes- 
sive approximation analog-to-digital converter. 

The reference circuit, containing a buried zener, is 
laser-trimmed for minimum temperature coefficient. 


The clock oscillator is current-controlled for excellent 
stability over temperature. Gain and Zero errors may 
be externally trimmed to zero. Analog input ranges of 
OV to +5V, 0V to + 10V, 0 V to +20V, ±2.5 V, ±5V, and 
±10V are available. 

The conversion time is 17ps max for a 16-bit conver- 
sion over the three specification temperature ranges. 

After a conversion, output data is stored in a latch 
separate from the successive approximation logic. This 
permits reading data during the next conversion, a 
feature that provides flexible interface timing, espe- 
cially for interrupt-driven interfaces. 

Data is available in two 8-bit bytes from TTL-compat- 
ible three-state output drivers. Output data is coded in 
Straight Binary for unipolar input signals and Bipolar 
Offset Binary or Twos complement for bipolar input 
signals. BOB or BTC is selected by a logic function 
available on one of the pins. 

The ADC700 is available in commercial, industrial 
and military temperature ranges. It is packaged in a 
hermetic 28-pin side-braze ceramic DIP. 


Data Serial Data 

Ready Status Strobe 


Clock 

and 

Control logic 


Successive 

Approximation 

Register 


Data 

3- 

State 

Latch 

3- 

State 


16-Bit 

D/A 

Converter 


Voltage 

Reference 
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SPECIFICATIONS 


ELECTRICAL 

T a = 25°C and at rated supplies: V DD = +5V, +V CC = +12V or +15V, -V cc = -12V or -15V unless otherwise noted. 



1 ADC700JH/AH/RH 

ADC700KH/BH/SH 


CHARACTERISTICS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 



16 



* 

Bits 

ANALOG INPUTS 

Voltage Ranges 

Bipolar 


±2.5, ±5, ±10 




. 


V 

Unipolar 

0 to +5, 0 to +10, 0 to +20 



* 


V 

Impedance (Direct Input) 









OV to +5V, ±2.5V 


2.5 ±1% 




* 


kli 

OV to +10V, ±5V 


5 ±1% 




* 


kO 

OV to +20 V, ±10V 


10 ±1% 




* 


kQ 

I DIGITAL SIGNALS (Over Specification Temperature Range) 








Inputs 









Logic Levels 0 ’ 









V IH 

+2.0 


+5.5 

* 



* 

V 

v. 

0 


+0.8 

* 



* 

V 

l |H (V, = +2.7V) 



±10 




* 

pA 

l IL (V, = +0.4V) 

Outputs 



±20 





pA 

Logic Levels 
v ol (l 0L = -1.6mA) 



+0.4 





V 

^oh (lo« = + 2 0MA) 

+2.4 



* 




V 

Leakage 









Data Outputs Only, High Z 


10 




* 


nA 

| TRANSFER CHARACTERISTICS | 

ACCURACY 

Linearity Error 



±0.006 




±0.003 

% of FSR* 2 ’ 

Differential Linearity Error 



±0.012 




±0.006 

% of FSR 

Gain Error* 3 ’ 

Zero Error* 3 ’ 


±0.1 

±0.2 





% 

Bipolar Zero 


±0.1 

±0.2 



* 

* 

% of FSR 

Unipolar Zero 


±0.05 

±0.1 



* 

* 

% of FSR 

Noise at Transitions (3cp-p) 

Power Supply Sensitivity 


±0.001 

±0.003 





% of FSR 

+v cc 


±0.0015 




* 


%FSR/%V CC 

-V cc 


±0.0015 




* 


%FSR/%V CC 

v 0D 


±0.0005 




* 


%FSR/%V 00 

DRIFT (Over Specification Temperature Range) 









Gain Drift 

Zero Drift 


±8 

±15 





ppm/°C 

Bipolar Zero 


±5 

±10 



* 

* 

ppm of FSR/°C 

Unipolar Zero 


±2 

±4 



* 

* 

ppm of FSR/°C 

Linearity Drift 

No Missing Codes Temperature Range 


±1 

±3 




±2 

ppm of FSR/°C 

JH (13-bit), KH (14-bit) 

0 


+70 

• 



* 

°C 

AH (13-bit), BH (14 bit) 

-25 


+85 

* 



* 

°C 

RH (13-bit), SH (14-bit) 

-55 


+125 

* 



* 

°C 

CONVERSION TIME 16 bits 


15 

17 


* 


ps 

WARM-UP TIME 

5 



* 



min 

OUTPUT DATA CODES* 4 ’ 

Unipolar Parallel 


USB 




* 



Bipolar Parallel* 5 ’ 


BTC, BOB 







Serial Output (NRZ) 


USB, BOB 




* 



POWER SUPPLY REQUIREMENTS 

Voltage Range 









+v cc 

+11.4 

+15 

+16 

* 



* 

VDC 

-V C c 

-11.4 

-15 

-16 

* 



* 

VDC 

v D0 

+4.75 

+5 

+5.25 

• 


* 

* 

VDC 

Current* 5 ’ 









+ v cC 


+10 

+15 



* 

* 

mA 

-V cc 


-28 

-35 



* 

* 

mA 

v DD 


+17 

+20 




* 

mA 

Power Dissipation 


645 

765 



* 

* 

mW 

TEMPERATURE RANGE 

Specification 









J, K Grades 

0 


+70 

* 



* 

°C 

A, B Grades 

-25 


+85 

* 



* 

°C 

R, S Grades 

-55 


+125 

* 



* 

°C 

Storage 

-65 


+150 

* 



* 

°C 


*Same specs as ADC700JH, AH, RH. 


Burr-Brown IC Data Book Supplement , Vol. 33b 9.1-21 


ADC700 mm INSTRUMENTATION A/D CONVERTERS 







For Immediate Assistance, Contact Your Local Salesperson 


TIMING SPECIFICATIONS'" 

V DD = +5V, +V CC * +12V or +15V, -V cc = -12V or -15V unless otherwise noted. 


PARAMETER 

LIMIT AT 

T A = 25°C 

LIMIT AT 

T a = 0, +70°C 
-25°C, +85°C 

LIMIT AT 

T a = -55°C, +125°C 

UNITS 

DESCRIPTION 

CONVERSION AND SERIAL DATA OUTPUT TIMING | 

t, 

0 

0 

0 

ns, min 

CS to WR Setup time 

ta 

110 

130 

145 

ns, max 

WR to Status delay 

* 3 

40 

40 

40 

ns, min 

WR pulse width 

t 4 

0 

0 

0 

ns, min 

CS to WR Hold time 

t. 

15 

17 

17 

ps, max 

Conversion time 

t 6 

550 

600 

650 

ns, max 

Data Ready to Status time 

t 7 

1100 

1150 

1250 

ns, max 

WR to first Serial Data Strobe 

t 8 

250 

210 

200 

ns, min 

First Serial Data to first Serial Data Strobe 

t. 

310 

360 

400 

ns, max 

Last Serial Data Strobe to Status 

t, 0 

0 

0 

0 

ns, min 

Status to WR Setup time 

PARALLEL DATA OUTPUT TIMING j 

t„ 

0 

0 

0 

ns, min 

HBEN to RD Setup time 

t, 2 

0 

0 

0 

ns, min 

CS to RD Setup time 

t < 7) 

50 

58 

66 

ns, max 

High Byte Data Valid after RD 






C L = 20pF (High Byte bus access time) 


70 

81 

95 

ns, max 

High Byte Data Valid after RD 






C L = lOOpF (High Byte bus access time) 

t,„ 

40 

40 

40 

ns, min 

RD pulse width 


40 

45 

50 

ns, max 

Data Ready delay from RD (HBEN asserted) 

t (8) 

16 

50 

60 

65 

ns, max 

Data Hold time after RD (bus relinquish time) 

t, 7 

0 

0 

0 

ns, min 

RD to CS Hold time 

*« 

0 

0 

0 

ns, min 

RD to HBEN Hold time 

RESET TIMING | 


60 

70 

80 

ns, max 

Data Ready low delay from Reset 


70 

81 

95 

ns, max 

Status low delay from Reset 


NOTES: (1 ) TTL, LSTTL, and 5V CMOS compatible. (2) FSR means Full Scale Range. For example, unit connected for±1 OV range has 20V FSR. (3) Externally adjust- 
able to zero. (4) See Table I. USB - Unipolar Straight Binary; BTC - Binary Twos Complement; BOB - Bipolar Offset Binary; NRZ - Non Return to Zero. (5) Max 
supply current is specified at rated supply voltages. (6) All input control signals are specified with t„ ISE = t FALL = 5ns (1 0% to 90% of 5V) and timed from a voltage level 
of 1 ,6V. (7) t 13 is measured with the load circuits of Figure 1 and defined as the time required for an output to cross 0.8V or 2.4V. (8) t 16 is defined as the time required 
for the data lines to change 0.5V when loaded with the circuits of Figure 2. 
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ORDERING INFORMATION 


MODEL 

TEMPERATURE 

RANGE 

LINEARITY 
ERhOR (%FSR) 

ADC700JH 

0°C to 70°C 

±0.006 

ADC700KH 

0°C to 70°C 

±0.003 

ADC700AH 

-25°C to +85°C 

±0.006 

ADC700BH 

-25°C to +85°C 

±0.003 

ADC700RH 

-55°C to +125°C 

±0.006 

ADC700SH 

-55°C to +125°C 

±0.003 


ABSOLUTE MAXIMUM RATINGS 



ADC700 Reset Function Timing Diagram. 



OV to +7V 


0V to +1 8V 

-V cc to Analog Common 

Digital Common to Analog Common 

0 V to -18V 

-IV to +1 V 

Digital Inputs to Digital Common 

Analog Inputs , 

Power Dissipation 

-0.5V to V 00 + 0.5V 

+16.5V 

lOOOmW 

Storage Temperature 

Lead Temperature, (soldering, 10s) 

-60°C to +150°C 

NOTES: Stresses above those listed under “Absolute Maximum Ratings" 
may cause permanent damage to the device. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect device reliability. 



Start of Conversion and Serial Data Output Timing. 



ADC700 Parallel Output Timing. 


o 

s 

o 

o 

< 
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PIN CONFIGURATION 


Comparator In 
Bipolar Offset 
+ Vcc 
Gain Adjust 



Reset 
WR 
RD 
CS 
HBEN 
Serial Data 
Data Ready 
Status 
Serial Data Strobe 



20V Range 
10V Range 
Analog Common 
Digital Common 

V DD 

BTCEN 

DB15/DB7 

DB14/DB6 

DB13/DB5 

DB12/DB4 

DB11/DB3 

DB10/DB2 

DB9/DB1 

DB8/DB0 


DESCRIPTION 

AND OPERATING FEATURES 

The ADC700 is a 16-bit resolution successive approxima- 
tion A/D converter. Parallel digital data as well as serial data 
is available. Several features have been included in the 
ADC700 making it easier to interface with microprocessors 
and/or serial data systems. Several analog input ranges are 
available. 

Some of the key operating features are described here. More 
detail is given in later sections of the data sheet. Refer to the 
block diagram above. 

RESET 

The ADC700 has a Reset input that must be asserted upon 
power-up or after a power interruption. This initializes the 
SAR, the output buffer register and Data Ready flag. Since 
microprocessor systems already use a power-on reset circuit, 
the same system reset signal can be used to initialize the 
ADC700. 

PARALLEL DATA 

The parallel data output is available through an 8-bit port 
with 3 -st ate outp ut drivers. High byte and low byte are se- 
lected by HBEN (pin 10). 

A buffer/latch is included between the successive approxi- 
mation register (SAR) and the 3-state drivers. This feature 
permits more flexible interface timing than is possible from 
most successive approximation converters. 

The “old” word can be read during the next conversion. A 
Data Ready flag (pin 12) is asserted when a “new” word is 
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in the buffer register. The Data Ready flag goes low (“0”) 
when the most significant byte (high byte) is read. If the 
“old” word is not read, or if only the least significant byte 
(low byte) is read, Data Ready is not reset. The next conver- 
sion output will overwrite the data latch when the conver- 
sion is complete. The Data Ready flag remains high. Refer 
to timing diagrams in the Specifications section. 

SERIAL DATA 

Sixteen-bit serial data output is available (pin 11) along with 
a serial output strobe (pin 14). This serial data strobe is not 
the internal SAR clock but is a special strobe for serial data 
consisting of 16 negative-going edges (during conversion) 
occurring about 200ns after each serial data bit is valid. This 
feature eases the interface to shift registers or through opto- 
couplers for applications requiring galvanic isolation. 

STATUS 

The familiar Status (or Busy) flag, present in successive ap- 
proximation A/D converters, is available (pin 13) and indi- 
cates that a conversion is in progress. Status is valid 1 10ns 
after assertion of the convert command (WR low). Status 
cannot be used as a sample-hold control because there is not 
enough time for the sample-hold to settle to the required 
error band before the ADC700 makes its first conversion 
decision. 

CHIP SELECT 

CS (pin 9) selects the ADC700. N o oth er functions can be 
implemented unless CS is asserted. WR (pin 7) is the start- 
of-conversi on stro be. RD strobes each output data byte, 
selected by HBEN (pin 10), to the 3-state drivers. 
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TWOS COMPLEMENT DATA CODE 

BTCEN (pin 23) is a logic function that implements the 
Binary Twos Complement output code for bipolar (+ and -) 
analog input signal operation. This feature is compatible 
with twos complement arithmetic in microprocessor math 
algorithms. 


Most Significant Bit, MSB 

That binary digit that has the greatest value or weight. The 
MSB weight is FSR/2. 

Resolution 

An N-bit binary-coded A/D converter resolves the analog 
input into 2 N values represented by the 2 N digital output 
codes. 


INTERNAL CLOCK 

The ADC700 has a self-contained clock to sequence the 
A/D logic. The clock is not available externally. An external 
16-pulse strobe (pin 14) is brought out to clock serial data 
only. Use of ADC700 with external clock is not possible. 

INTERNAL VOLTAGE REFERENCE 

The ADC700 has an internal low-noise buried-zener voltage 
reference. The reference circuit has been drift compensated 
over the MIL temperature range using a laser trim algorithm. 
The reference voltage is not available externally. 


DISCUSSION 
OF SPECIFICATIONS 


ACCURACY 

Linearity Error, Integral Linearity Error (ILE) 

Linearity Error is defined as the deviation of actual analog 
input values from the ideal values about a straight line drawn 
through the code mid-points near positive full scale (at +V FS 
-1LSB) and at Zero input (at 1/2LSB below the first code 
transition, i.e. at Zero) or, in the case of bipolar operation, 
near minus full scale (at 1/2LSB below the first code tran- 
sition, i.e. at -V FS ). Despite the definition, however, code 
transitions are easier to measure than code midpoints. There- 
fore linearity is measured as the deviation of the analog input 
values from a line drawn between the first and last code 
transitions. Linearity Error specifications are expressed in % 
of Full Scale Range (FSR). ADC700KH ILE is ±0.003% of 
FSR which is 1/2 LSB at 14-bits. 


BASIC DEFINITIONS 

Refer to Figure 3 for an illustration of A/D converter termi- 
nology and to Table II in the Calibration section. 

Full Scale Range, FSR 

The nominal range of the A/D converter. For ADC700, the 
FSR is 20V for the 0V to +20 V and the -10V to + 10V input 
ranges or 10V for the 0V to +10V and -5V to +5V input 
ranges. 

Least Significant Bit, LSB 

The smallest analog input change resolved by the A/D con- 
verter. For an A/D converter with N bits output, the input 
value of the LSB is FSR(2" N ). 




£ 5V 

DBN 

DBN < 

> 3kfl 

L a 

o ■ t f o 

<3k£i C L 


tr° 

r° L 

V DGND V 


7 DGND 

A) High-Z to V OH (t 3 ) 
and V OL to V OH (t 6 ). 

B) High-Z to V OL (t 3 ) 
and V OH to V ou (t 6 ). 


FIGURE 1. Load Circuits for Access Time. 



Differential Linearity Error (DLE), No Missing Codes 

Differential Linearity Error is defined as the deviation in 
code width from the ideal value of 1LSB. If the DLE is 
greater than -1LSB anywhere along the range, the A/D will 
have at least one missing code. ADC700KH is specified to 
have a DLE of ±0.006% of FSR, which is ±1LSB at 14 bits. 
ADC700KH is specified to have no missing codes at the 14- 
bit level over specified temperature ranges. 

Gain Error 

The deviation from the ideal magnitude of the input span 
between the first code midpoint (at -V FS + 1/2LSB, for 
bipolar operation; at Zero for unipolar operation) to the last 
code midpoint (V FS -1LSB). As with the linearity error 



FIGURE 2. Load Circuits for Output Float Delay. FIGURE 3. Transfer Characteristic Terminology. 
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measurements, code transition values are the locations actu- 
ally measured for this spec. The ideal gain is V FSR -2LSB. 
Gain Error is expressed in % (of reading). See Figure 3. 

Gain Error of the ADC700 may be trimmed to zero using 
external trim potentiometers. 

Offset Error 

Unipolar Offset Error — The deviation of the actual code- 
midpoint value of the first code from the ideal value located 
at 1/2LSB below the ideal first transition value (i.e. at zero 
volts). 

Bipolar Offset Error — The deviation of the actual code- 
midpoint of the first code from the ideal value located 
at 1/2LSB below the ideal first transition value located at 
-V FS +1/2LSB. 

Again, transition values are the actual measured parameters. 
Offset and Zero errors of the ADC700 may be trimmed to 
zero using external trim potentiometers. Offset Error is 
expressed as a percentage of FSR. 

Bipolar Zero Error — The deviation of the actual mid- 
scale-code midpoint value from zero. Transition values are 
the actual measured parameter and it is 1/2 LSB below zero 
volts. The error is comprised of Bipolar Offset Error, 1/2 the 
Gain Error, and the Linearity Error of bit 1. Bipolar Zero 
Error is expressed as a percentage of FSR. 

Power Supply Sensitivity 

Power Supply Sensitivity describes the maximum change in 
the full-scale transition value from the initial value for a 
change in each power supply voltage. PSR is specified in 
units of %FSR/% change in each supply voltage. 

The major effect of power supply voltage deviations from 
the rated values will be a small change in the Gain (scale 
factor). Power Supply Sensitivity is also a function of ripple 
frequency. Figure 4 illustrates typical Power Supply Sensi- 
tivity performance of ADC700 versus ripple frequency. 

INSTALLATION 

POWER SUPPLY SELECTION 

Linear power supplies are preferred. Switching power sup- 
ply specifications may appear to indicate low noise output, 
but these specifications are rms specs. The spikes generated 
in switchers may be hard to filter. Their high-frequency 
components may be extremely difficult to keep out of the 
power supply return system. If switchers must be used, their 
outputs must be carefully filtered and the power supply itself 
should be shielded and located as far away as possible from 
precision analog circuits. 

LAYOUT CONSIDERATIONS 

Because of the high resolution and linearity of the ADC700, 
system design problems such as ground path resistance and 
contact resistance become very important. For a 16-bit reso- 
lution converter with a +10V Full-Scale Range, 1LSB is 
153jiV. Circuit situations that cause only second- or third- 
order errors in 8-, 10-, or 12-bit A/D converters can induce 
first-order errors in 16-bit resolution devices. 

9.1-26 


Power Supply Wiring 

Use heavy power supply and power supply common (ground) 
wiring. A ground plane is usually the best solution for pre- 
serving dynamic performance and reducing noise coupling 
into sensitive converter circuits. 

When passing converter power through a connector, use 
every available spare pin for making power supply return 
connections, and use some of the pins as a Faraday shield to 
separate the analog and digital common lines. 

Power Supply Returns 

(Analog Common and Digital Common) 

Connect Analog Common and Digital Common together 
right at the converter with the ground plane. This will usually 
give the best performance. However, it may cause problems 
for the system designer. Where it is absolutely necessary to 
separate analog and digital power supply returns, each should 
be separately returned to the power supply. Do not connect 
Analog Common and Digital Common together and then run 
a single wire to the power supply. Connect a 1 to 47pF 
tantalum capacitor between Digital Common and Analog 
Common pins as close to the package as possible. 

Power Supply Bypassing 

Every power-supply line leading into an A/D converter must 
be bypassed to its common pin. The bypass capacitor should 
be located as close to the converter package as possible and 
tied to a solid ground — connecting the capacitors to a noisy 
ground defeats the purpose of the bypass. Use tantalum 
capacitors with values of from 10|iF to 100|iF and parallel 
them with smaller ceramic capacitors for high frequency 
filtering if necessary. 

Separate Analog and Digital Signals 

Digital signals entering or leaving the layout should have 
minimum length to minimize crosstalk to analog wiring. 
Keep analog signals as far away as possible from digital 
signals. If they must cross, cross them at right angles. Coaxial 
cable may be necessary for analog inputs in some situations. 

Shield Other Sensitive Points 

The most critical of these is the comparator input (pin 1). If 
this pin is not used for offset adjustment, then it should be 
surrounded with ground plane or low-impedance power sup- 
ply plane. If it is used for offset adjustment, the series 



FIGURE 4. Power Supply Rejection Ripple vs Frequency. 
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resistor and potentiometer should be located as close to the 
converter as possible. 

The Gain Adjust (pin 4) is an input that has a relatively high 
input impedance and is susceptible to noise pickup. The 
Gain Adjust pin should be bypassed with a 0.0 lpF to 0.1 |iF 
capacitor whether or not the gain adjust feature is used. 

If the 20V Analog input range is used (pin 28), the 10V 
Range input (pin 27) may need to be shielded with ground 
plane to reduce noise pickup. 


ANALOG SIGNAL SOURCE IMPEDANCE 

The input impedance of the ADC700, typical of most suc- 
cessive approximation A/D converters, is relatively low 
(2.5kQ to 10kf2). The input current of a successive ap- 
proximation A/D converter changes rapidly during the con- 
version algorithm as each bit current is compared to the 
analog input current. Since the output impedance of a 
closed-loop amplifier or a sample-hold amplifier increases 
with frequency and, in addition, the amplifier must settle to 
the required accuracy in time for the next comparison/ 
decision after such a disturbance, care must be taken to 
select the proper driving amplifier. 

Unfortunately, high-accuracy operational amplifiers tend to 
have low bandwidth, while wide-band amplifiers tend to 
have lower accuracy. One solution is to use a wide-band but 
perhaps less precise amplifier. Another solution is to add a 
wide-band buffer amplifier such as the Burr-Brown OPA633 
inside the feedback loop of a slower (but precision) ampli- 
fier, Figure 5. This reduces the output impedance at high fre- 
quencies yet preserves the accuracy at low frequencies. 
When a sample/hold is needed, a high-linearity, high-speed 
sample/hold such as the Burr-Brown SHC76 should be used 
to drive the ADC700. 

ANALOG INPUT RANGES 

The analog input circuits of the ADC700 can be connected 
to accept unipolar or bipolar input signals. These ranges and 
connections are tabulated in Table I. Circuit connections are 
shown in Figures 6 and 7. Gain and offset adjustments are 
described in the calibration section. 

To operate the ADC700 with a range that gives other con- 
venient values for the LSB, the input resistor may be 
increased or decreased slightly without seriously affecting 
the Gain Drift of the converter. Since the input resistors of 
the ADC700 are within ±2% from unit to unit, this can be 


Precision 

Low Bandwidth Wideband 

Op Amp Buffer 




OPA111 

OPA27 


A/D 

Converter 


OPA633 Analog 
Common 


FIGURE 5. Wideband Buffer Reduces Output Impedance at 
High Frequencies. 


consistently done with a fixed series or parallel resistor. The 
ADC700 can then be calibrated using the Gain and Offset 
adjustments described in the calibration section. For ex- 
ample, using the ±10V input range, one can decrease the 
range slightly by paralleling the 10kO input resistor (pin 28 
to pin 1) with a 610kO metal film resistor to achieve a 
300jiV LSB instead of the nominal standard 305.17578jiV 
binary LSB. 

OPTIONAL EXTERNAL GAIN AND OFFSET TRIM 

Gain and Offset Error may be trimmed to zero using external 
Gain and Offset trim potentiometers connected to the 
ADC700 as shown in Figures 6 and Figure 7. A calibration 
procedure in described in the Operating Instructions section. 

Multitum potentiometers with 100ppm/°C or better TCR are 
recommended for minimum drift over temperature. These 
potentiometers may be any value from 10kO to lOOkQ. All 
resistors should be 20% carbon or better. Pin 1 (Comparator 
In) and pin 4 (Gain Adjust) may be left open if no external 
adjustment is planned; however, pin 4 should always be 
bypassed with O.OljuF or larger to Analog Common. 


OPERATING INSTRUCTIONS 

CALIBRATION 

Offset and Gain may be trimmed by external Offset and 
Gain potentiometers. Offset is adjusted first and then Gain. 
Calibration values are listed in Table II for all ADC700 
input ranges. Offset and Gain calibration can be accom- 
plished to a precision of about ±1/2LSB using a static 
adjustment procedure described below. By summing a small 
sine or triangular wave voltage with the accurate calibration 
voltage applied to the analog input, the output can be swept 
through each of the calibration codes to more accurately 
determine the transition points listed in Table II. NOTE: The 
transition points are not the same as the code midpoints used 
in the static calibration example. 

OFFSET ADJUSTMENT, 

14-BIT RESOLUTION EXAMPLE 

Static Adjustment Procedure (At Code Midpoints) 

0V to +10V Range — Set the analog input to +1LSB 14 = 
0.00061V. Adjust the Offset potentiometer for a digital out- 
put of 0004 h . Set the analog input to +FulI Scale -2LSB 14 = 
+9.9987V. Adjust the Gain potentiometer for a digital output 
of FFFC h . For a half-scale calibration check, set the analog 
input to +5. 0000 V and read a digital output code of 8000 h . 


INPUT 

SIGNAL 

RANGE 

OUTPUT CODE 

CONNECT 
PIN 2 

TO PIN 

CONNECT 
PIN 28 

TO PIN 

CONNECT 

SIGNAL 

TO PIN 



BTCEN = 1 

BTCEN = 0 

±10V 

BOB 

BTC 

1 

Input Signal 

28 

±5V 

BOB 

BTC 

1 

Open 

27 

±2 ,5 V 

BOB 

BTC 

1 

Pin 1 

27 

OV to +5V 

USB 

— 

26 

Pin 1 

27 

OV to +10V 

USB 

— 

26 

Open 

27 

0V to +20V 

USB 

— 

26 

Input Signal 

28 


TABLE I. ADC700 Input Range Connections. 
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ANALOG INPUT 

VOLTAGE (V) j 

RANGE 

±10 

±5 

±2.5 

0 TO +20 

0 TO +10 

0 TO +5 


+10 

+5 

+2.5 

+20 

+10 

+5 

-v FS 

-’10 

-5 

-2.5 

0 

0 

0 


20 

10 

5 

20 

10 

5 

TRANSITION CODES 







(Hexadecimal) 



TRANSITION VALUES (V) 



| For 16-bit Resolution (Reading all 16 bits) | 

FFFE h to ffff h 

+9.999542 

+4.999771 

+2.499886 

+19.999542 

+9.99971 

+4.999886 

7FFF h to 8000 h 

-1 52.5)4. V 

-38)iV 

— 19|iV 

+9.999847 

+4.999924 

+2.499962 

0000 H to 000 1 H 

-9.999847 

-4.999924 

-2.499962 

+152|iV 

+76nV 

+38p.V 

LSB (FSR/2 1 ®) 

305nV 

153JJ.V 

38)iV 

305^.V 

153jiV 

76 nV 

| For 15-blt Resolution (Reading all 16 bits, Ignoring DB 0 ) j 

FFFD h to 7FFE H 

+9.999084 

+4.999542 

+2.499771 

+19.999084 

+9.999542 

+4.999771 

7FFE h to 8000 h 

-305p.V 

— 1 53jxV 

-76)iV 

+9.999625 

+4.999847 

+2.499924 

0000 H to 0002 h 

-9.999695 

-4.999847 

-2.499924 

+305JJ.V 

+152jiV 

+76 \iV 

LSB (FSR/2 1 *) 

610p.V 

305^V 

153)iV 

610jiV 

305ji.V 

153 ^V 

For 14-blt Resolution (Reading all 16 bits, Ignoring DB 0 and DB,) | 

FFFC h to fffd h 

+9.99817 

+4.99908 

+2.49954 

+19.99817 

+9.99908 

+4.99954 

7FFD h to 8000 h 

-6IO4V 

-305)iV 

-153^iV 

+9.99939 

+4.999695 

+2.499847 

0000 h to 0004 h 

-9.999390 

-4.999694 

-2.499847 

+61 0)iV 

+305 \lV 

+153jiV 

LSB (FSR/2' 4 ) 

1 22 1 (X V 

610nV 

305jxV 

1221)iV 

610nV 

305nV 


TABLE II. Transition Values for Calibration. 



FIGURE 6. Unipolar Input Configuration with Gain and Offset Adjust Connections. 



FIGURE 7. Bipolar Input Configuration with Gain and Offset Adjust Connections. 
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-10V to +10V Range — Set the analog input to -FS + START OF CONVERSION 

1LSB 14 = -9.99878V. Adjust th e O ff set potentiometer for a a conversion is started by asserting CS and WR Low. Status 

digital output of 0004 H (8004 H if BTCEN is asserted). Set the goes a b ou t t = t. + 1 2 = 1 10ns later. The first succe ssive 

analog input to +9.9976V. Adjust theGajn potentiometer for approximation decision occurs about 900ns after WR is as- 

a digital output of FFFC H (7FFC H if BTCEN is assrted). For serted. Status goes Low after the conversion is complete, 

a half-scale calibration check, set the analog input toOOOOOV Refer t0 Start of Conversion and Serial Data Output Timing 

and read a digital output code of 8000 H (0000 H if BTCEN is fo ii owing the Timing Specifications Table, 

asserted). 

DATA READY FLAG 

The data latch feature permits data to be read during the fol- 
lowing conversion. The Data Ready flag indicates that the 
data from the most recent conversion is latched in the output 
data latch and that it hasn’t been read. Data Ready remains 
High until the most significant data byte is read. If a subse- 
quent conversion is initiated and completed, the new word 
will be stored in the output data latch regardless of the state 
of the Data Ready flag. The preceding word will be over- 
written and lost. 

READING PARALLEL DATA 

Parallel data is latched in the output data latch at the end of 
a conversion. Data can be read any time, even during the 
subsequent conversion. The output data latch is not cleared 
by reading the data. Only the Data Ready flag is cleared by 
reading the MSB. 

The output three-state drivers are enabled by asserting the 
CS and RD inputs Low. When HBEN is Low, the most sig- 
nificant eight bits are enabled and the Data Ready flag is 
cleared. When HBEN is High, the least significant eight bits 
are enabled. Refer to Parallel Data Output Timing informa- 
tion following the Timing Specifications Table. 

To reduce noise interference to the absolute minimum, data 
should be read after the current conversion is complete. 
However, data can be read during the following conversion, 
with minimal interference, to maximize the sampling rate of 
the converter. 

A typical parallel interface is illustrated in Figure 9. 

READING SERIAL DATA 

Serial data output of the ADC700 is facilitated by a Serial 
Data Strobe that provides 16 negative-going edges for strobing 
an external serial to parallel shift register located perhaps on 
the other side of an opto-coupler. Refer to the Serial Data 
Timing information following the Timing Specifications 
Table. An example of an isolation connection using the 
serial port feature is illustrated in Figure 10. 

CONTINUOUS CONVERSION OPERATION 

When CS is permanently connected to Digital Common and 
Status is connected to WR, Figure 1 1, the ADC700 will con- 
tinuously convert. The repetition time will not be precise and 
will vary slightly with the temperature for the ADC700 
because the time will be determined by the internal clock 
frequency and control-circuit gate delays. If a precise repe- 

FIGURE 9. Parallel Data Bus Interface. 



CONTROLLING AND 
INTERFACING THE ADC700 

RESET 

The ADC700 requires a Reset command upon power-up or 
after a power interruption to guarantee the condition of inter- 
nal registers. If Status powers-up High, no conversion can be 
started. Reset initializes the SAR, the output buffer register, 
and the Data Ready flag and terminates a conversion in 
progress. Since microprocessor systems already use a power- 
on reset circuit, the same system reset signal can be used to 
initialize the ADC700. A power-up circuit is shown in 
Figure 8. Refer to Reset function timing diagram following 
the Timing Specifications Table. 



FIGURE 8. Power-Up Reset Circuit. 
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ADC700 



CS 




WR 


To Interrupt 




— 


Status 



FIGURE 11. Continuous Conversion Circuit Connection. 


FIGURE 10. Serial Data Output Providing Convenient 
Isolation. 


PIN DESIGNATION 

DEFINITION 

FUNCTION 

CS (Pin 9) 

Chip Select 

Must be Low to either initiate a conversion or read output data. 

WR (Pin 7) 

Write (Convert) 

Conversion begins after the High-to-Low transition. 

RD (Pin 8) 

Read 

Turns ON the three-state output drivers upon being asserted low. 

HBEN (Pin 10) 

High Byte Enable 
“1" = Low Byte 
“0” = High Byte 

Selects the MSB or the LSB for readout. Data Ready is cleared when HBEN is Low and RD is asserted. 

Reset (Pin 6) 

Reset 

Resets internal logic. Must be asserted after power-up or a power interruption clears Status and Data 
Ready te Low. 

BTCEN (Pin 23) 

BTC Enable 

Sets the output code to Binary Twos Complement (BTC) when Low. Output code is Bipolar Offset Binary 
(BOB) when High. 


TABLE III. Control Line Functions. 


CONTROL LINE 

OPERATION 

RESET 

WR 



1' 

0 

X 

X 

X 

X 

Reset converter logic. Status and Data Ready set Low. 


X 

X 

X 

1 

No operation. 


0 

X 

X 

0 

Initiate conversion. 

ffiylH 

1 

mm 

0 

0 

Places High Byte on output port. Clears Data Ready flag. 

■■ 

1 


1 

0 

Placed Low Byte on output port. Does not clear Data Ready flag. 

WM 

0 

■fl 

0 

0 

Initiates conversion and places High Byte or output port. Clears Data Ready. 


0 

0 

1 

0 

Initiates conversion and places Low Byte on output port. Does not clear Data Ready flag. 


NOTE: If a conversion command is asserted while a conversion is in progress, the command is ignored. If the conversion command remains asserted when a 
conversion is finished, a new conversion will begin. 


TABLE IV. Control Input Truth Table. 
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tition rate is needed, the continuous conversion connection 
should not be used. 

Because the last data-word is stored in the data latch, it is 
possible to read it during the next A/D conversion. Assertion 
of CS and HBEN for reading parallel data should be timed 
from Status going low. The two-byte read operation must be 
complete before the conversion in process is complete or the 
Data Read is invalid. 

Serial Data is available during continuous conversion with 
word synchronization available from STATUS. 

USING A SAMPLE/HOLD WITH ADC700 

Figure 12 illustrates using ADC700 with the Burr-Brown 
SHC76. The sample-to-hold settling time (to 14 bits, 
±0.003%FSR) of the SHC76 is lps typ, 3|is max. The time 
from the Status going High to the first conversion decision 
is about 900ns. Therefore a time delay between the Sample- 
to-Hold command to the WR command to the ADC700 is re- 
quired. 



Analog 

In 







SHC76 


ADC700 




1 Mode 
Control 




Mode 

Control 

Sample 

~~] Hold 






lps to 3ps — *«| 

)> 

ADC700 

WR 












» 

Start Conversion 


FIGURE 12. Using Sample/Hold with ADC700 Requires 
Time Delay Between Sample and Start-of- 
Con version. 
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ADC774 


Microprocessor-Compatible 
ANALOG-TO-DIGITAL CONVERTER 


formance. It is complete with a self-contained +10V 
reference, internal clock, digital interface for micro- 
processor control, and three-state outputs. 

The reference circuit, containing a buried zener, is 
laser-trimmed for minimum temperature coefficient. 
The clock oscillator is current-controlled for excellent 
stability over temperature. Full-scale and offset errors 
may be externally trimmed to zero. Internal scaling 
resistors are provided for the selection of analog input 
signal ranges of OV to +10V, OV to +20V, ±5V, and 
±10V. 

The converter may be externally programmed to pro- 
vide 8- or 12-bit resolution. The conversion time for 
12 bits is factory set for 8.5|ls maximum. 

Output data are available in a parallel format from 
TTL-compatible three-state output buffers. Output data 
are coded in straight binary for unipolar input signals 
and bipolar offset binary for bipolar input signals. 

The ADC774, available in both industrial and military 
temperature ranges, requires supply voltages of +5V 
and ±12V or ±15V. It is packaged in a 28-pin plastic 
DIP and a hermetic side-brazed ceramic DIP. 


Control 

Inputs 

Bipolar 
Offset 
20V Range 

10V Range 


Reference 
Input 

Reference 
Output 

International Airport Industrial Park • Mailing Address: P0 Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • TWx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800) 548-6132 



FEATURES 

• COMPLETE 12-BIT A/D CONVERTER 
WITH REFERENCE, CLOCK, AND 8-, 12-, 
OR 16-BIT MICROPROCESSOR BUS 
INTERFACE 

• ALTERNATE SOURCE FOR HI774 A/D 
CONVERTER: 8ps Conversion Time, 
150ns Bus Access Time 

• FULLY SPECIFIED FOR OPERATION ON 
±12V OR ±15V SUPPLIES 

• NO MISSING CODES OVER 
TEMPERATURE: 

0°C to +75°C: ADC774JH, KH, JP, KP 
-55°C to +125°C: ADC774SH, TH 


DESCRIPTION 

The ADC774 is a 12-bit successive approximation 
analog-to-digital converter, utilizing state-of-the-art 
CMOS and laser-trimmed bipolar die custom-designed 
for freedom from latch-up and for optimum AC per- 


PDS-835B 
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SPECIFICATIONS 


ELECTRICAL 

T a = +25°C, V^. - +12V or +15V, V EE « -1 2V or -1 5V, V LOG(C » +5V unless otherwise specified. 



ADC774JP, ADC774JH, ADC774SH 

ADC774KP, ADC774KH, ADC774TH 


PARAMETER 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 



12 



* 

Bits 

INPUTS | 

ANALOG 



BssalB 

B^BB 


B B 

BB 

Voltage Ranges: Unipolar 


■ B 

B B 

B B 


Bipolar 


±5, ±10 


■ 

B 

B 

•g£| 

Impedance: 0 to +10V, ±5V 

4.7 

5 


tIBliiBBI 

I^K^B 

B 


±10V, OV to +20V 

9.4 

10 

10.6 

■ 

■ 

B 


DIGITAL (CE. CS, R/C, 12/8) 

Over Temperature Range 

Voltages: Logic 1 

+2 


+5.5 

* 


. 

V 

Logic 0 

-0.5 


+0.8 

• 


* 

V 

Current 

-5 

0.1 

+5 

* 

* 

* 

pA 

Capacitance 


5 



* 


PF 

| TRANSFER CHARACTERISTICS j 

ACCURACY 

At +25°C 








Linearity Error 



±1 



±1/2 

LSB 

Unipolar Offset Error (Adjustable to Zero) 



±2 



* 

LSB 

Bipolar Offset Error (Adjustable to Zero) 

Full-Scale Calibration Errors 



±10 



±4 

LSB 

(Adjustable to Zero) 



±0.25 



* 

% Of FS* 21 

No Missing Codes Resolution (Diff. Linearity) 

11 



12 



Bits 

Inherent Quantization Error 

Tun* 0 Tm*x 


±1/2 





LSB 

Linearity Error: J, K Grades 



±1 



±1/2 

LSB 

S, T Grades 



±1 



±3/4 

LSB 

Full-Scale Calibration Error 








Without Initial Adjustment* 11 : J, K Grades 



±0.47 



±0.37 

% of FS 

S, T Grades 



±0.75 



±0.5 

% of FS 

Adjusted to Zero at +25°C: J, K Grades 



±0.22 



±0.12 

% of FS 

S, T Grades 



±0.5 



±0.25 

% of FS 

No Missing Codes Resolution (Diff. Linearity) 

11 



12 



Bits 

TEMPERATURE COEFFICIENTS (T^to T^p 

Unipolar Offset: J. K Grades 



±10 



±5 

ppm/°C 

S, T Grades 



±5 



±2.5 

ppm/°C 

Max Change: All Grades 



±2 



±1 

LSB 

Bipolar Offset: All Grades 



±10 



±5 

ppm/°C 

Max Change: J. K Grades 



±2 



±1 

LSB 

S, T Grades 



±4 



±2 

LSB 

Full-Scale Calibration: J, K Grades 



±45 



±25 

ppm/°C 

S, T Grades 



±50 



±25 

ppm/°C 

Max Change: J, K Grades 



±9 



±5 

LSB 

S, T Grades 



±20 



±10 

LSB 

POWER SUPPLY SENSITIVITY 

Change in Full-Scale Calibration 

+13.5V < V^ < +16.5V or +11.4V < V^ < +12.6V 



±2 



±1 

LSB 

-1 6.5V < V EE < -13.5V or -12.6V < V EE < -1 1 .4V 



±2 



±1 

LSB 

+4.5V < V loGIC < +5.5V 



±1/2 



* 

LSB 

CONVERSION TIME *«>* 51 

8-Bit Cycle 


H 



• 

. 

ps 

12-Bit Cycle 





• 

• 

ps 

OUTPUTS 








DIGITAL (DB1 1-DB0, STATUS) 








(Over Temperature Range) 








Output Codes: Unipolar 


Unipolar Straight Binary (USB) 




Bipolar 


Bipolar Offset Binary (BOB) 




Logic Levels: Logic 0 (1^ » 1.6mA) 



+0.4 



* 

V 

Logic 1 (Isoonct = 500pA) 

+2.4 



* 



V 

Leakage, Data Bits Only, High-Z State 

-5 

0.1 

+5 

• 

• 

* 

pA 

Capacitance 


5 



* 


PF 

INTERNAL REFERENCE VOLTAGE 

Voltage 

+9.9 



• 

* 

. 

H 

Source Current Available for External Loads** 1 

2 



• 
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SPECIFICATIONS 


ELECTRICAL 

T a - +25°C, Vcc - +12V or +15V, V EE » -12V or -15V, V L0Gt0 « +5V unless otherwise specified. 


PARAMETER 

ADC774JP, ADC774JH, ADC774SH 

ADC774KP, ADC774KH, ADC774TH 

UNITS 


TYP 

MAX 

MIN 

TYP 

MAX 

| POWER SUPPLY REQUIREMENTS | 

Voltage: V^ 

+11.4 


+16.5 


MjBSM 


■n 

v EE 

-11.4 

■ 

-16.5 




■ 

V LO ac 



+5.5 


m 



Current: 1^ 



5 




■ 

>ee 

■ 

15 

20 





^lOGIC 

1 

9 

15 

■ 

■ 

■ 

■ 

Power Dissipation (±15V Supplies) 


325 

450 


1 



| TEMPERATURE RANGE (Ambient: T^, T^) | 

Specifications: J, K Grades 

0 


+75 

* 


* 

mm 

S, T Grades 

-65 


+125 

* 


* 


Storage 

-65 


+150 

* 


* 

HU 


•Same specification as ADC774JP, JH, SH. 

NOTES: (1) With fixed 500 resistor from Ref Out to Ref In. This parameter is also adjustable to zero at +25°C. (2) FS in this specification table means Full Scale Range. 
That is, for a ±10V input range FS means 20V; for a OV to +10V range, FS means 1 0V. The term Full Scale Is used instead of Full-Scale Range to be consistent with 
other vendors' specifications tables. (3) Using internal reference. (4) See “Controlling the ADC774" section for detailed information concerning digital timing. (5) The 
Harris HI-774 uses a subranging/error correction technique that allows one to begin conversion before a preceding sample-hold or multiplexer has settled to ±1/2LSB. 
For 1 2-bit accurate conversions, the input transient to the ADC774 must settle to less than ±1 /2LSB before conversion is started. The ADC774 is compatible with HI774 
in all other respects. (6) External loading must be constant during conversion. The reference output requires no buffer amplifier with either ±1 2V or ±1 5V power supplies. 


PIN CONFIGURATION 


+5VDC Supply (V log ,c) 
12/8 
CS 
A 0 
R/C 
CE 
+V CC 
Ref Out 
Analog Common 
Ref In 
V EE 

Bipolar Offset 
10V Range 
20V Range 



STATUS 

DB11 (MSB) 

DB10 

DB9 

DB8 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 

DBO (LSB) 
Digital Common 


ORDERING INFORMATION 


MODEL 

PACKAGE 

(DIP) 

TEMPERATURE 

RANGE 

LINEARITY 
ERROR MAX 
( T i«h T 0 T »ux) 

ADC774JP 

Plastic 

0°C to 75°C 

±1LSB 

ADC774KP 

Plastic 

0°C to 75°C 

±1/2LSB 

ADC774JH 

Ceramic 

0°C to 75°C 

±1LSB 

ADC774KH 

Ceramic 

0°C to 75°C 

±1/2LSB 

ADC774SH 

Ceramic 

-55°C to 125°C 

±1LSB 

ADC774TH 

Ceramic 

-55°C to 125°C 

±3/4LSB 
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MECHANICAL 


P Package — 28-Pin Plaatlc DIP 



■■ 

■KISH 

hMaaiiall 

'EM 

EM 

ES3I 

EM 

Eli 

MM 


H 

MteM 


BOO 

TIM 

1>« 

BETBI 

Ksa 

HFSI 

TIfli 

1EM 

em 

m ™ 

mm 

TIM 



KM 


■Ml 

TIM 

h»)W»l 

ES9 

■3D 

Bum 

1EEK1 

KH>V1 

EUH 

jp— 

MMU 

T^M 

IEEE1 

KMl 


TIM 

TiM 

lEWl 


mam 

■raa 

mm, 

wm 

m 



■M 






MM1?M 

Mvxm 

M3M 

bet 

TTiM 

El 

EM 

11 

Tfll 

EM 

HEM 

EH 

■M 

IB 

mm 

EM 

mm 

w 

n 

TIM 

1»M 

wfizw 


(1) NotJEDEC Standard 


NOTE: Leads In true position within 
0.01 " (0.25mm) R at MMC at seating 
plane. Pin numbers shown for 
reference only. Numbers may not be 
marked on package. 




H Package — 0.6“ Wide 28-Pin Hermetic DIP 



r~ 

INCHES 

mmm 

1»1M 

IB 

El 

EM 

IM 

ra 

EM 

Kill 

jc5Wil 

m 

mm 

BE 

ta 

EM 

EM 

D 

JEM 

TBT 

EM 

bet 

F 

EM 

EM 

EM 

met 

\wm 

.100 BASIC 

2.54 BASIC | 

mm 

TM1 

EM 

EM 

EMI 

rr 

H 

RBI 

EM 

EM 

\wm 

Mk'iM 

EM 

TPM 

EM 

rr: 

EMI 

wmmm 

iKH 

- 

EM 

- 

■EMI 

mm 

■Mi 

TIM 

EM 

1H| 



n 

r. 

i 


iMHhl 

i 

fjK - 

— J ! 

L-h -JU-d -*■ 

BMI 

B 

ing Plane 1 

M . 

l ^ 


NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not 
be marked on 
package. 


ABSOLUTE MAXIMUM RATINGS 


to Digital Common 

0V to +1 6.5V 

V EE to Digital Common 

0 V to -16.5 V 

V tOGIC to Digital Common 

0V to +7V 

Analog Common to Digital Common 

±1V 

Control Inputs (CE. CS, A 0 . 12/8, R/C) 

-0.5V to Vq^+OSV 

Analog Inputs (Ref In, Bipolar Offset, lOV^) 
to Analog Common 

±16.5V 

20V W to Analog Common 

±24 V 

Ref Out 

Max Junction Temperature 

Indefinite Short to Common, 
Momentary Short to V^. 
+165°C 

Power Dissipation 

lOOOmW 

Lead Temperature (soldering, 10s) 

+300°C 

Thermal Resistance, 6^ A : Ceramic 

50°C/W 

Plastic 

mn°c/w 

CAUTION: These devices are sensitive to electrostatic discharge. 
Appropriate I.C. handling procedures should be followed. 
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DISCUSSION OF 
SPECIFICATIONS 

LINEARITY ERROR 

Linearity error is defined as the deviation of actual code 
transition values from the ideal transition values. Ideal 
transition values lie on a line drawn through zero (or minus 
full scale for bipolar operation) and plus full scale. The zero 
value is located at an analog input value 1/2LSB before the 
first code transition (000 HEX to 001 HEX ). The full-scale value 
is located at an analog value 3/2LSB beyond the last code 
transition (FFE^ to FFF HEX ) (see Figure 1). 



Thus, for a converter connected for bipolar operation and 
with a full-scale range (or span) of 20V (±10V), the zero 
value of -10V is 2.44mV below the First code transition 
(000 hex to 001 HEX at -9.99756V) and the plus full-scale value 
of +10V is 7.32mV above the last code transition (FFE hex at 
+9.99268) (see Table I). 

NO MISSING CODES 
(DIFFERENTIAL LINEARITY ERROR) 

A specification which guarantees no missing codes requires 
every code combination to appear in a monotonically in- 
creasing sequence as the analog input is increased through- 


out the range. Thus, every input code width (quantum) must 
have a finite width. If an input quantum has a value of zero 
(a differential linearity error of -1LSB), a missing code will 
occur. 

ADC774KP, KH, and TH grades are guaranteed to have no 
missing codes to 12-bit resolution over their respective 
specification temperature ranges. 

UNIPOLAR OFFSET ERROR 

An ADC774 connected for unipolar operation has an analog 
input range of 0V to plus full scale. The first output code 
transaction should occur at an analog input value 1/2LSB 
above 0V. The unipolar offset temperature coefficient speci- 
fies the change of this transition value versus a change in 
ambient temperature. 

BIPOLAR OFFSET ERROR 

A/D converter specifications have historically defined bipo- 
lar offset as the first transition value above the minus full- 
scale value. The ADC774 specifications, however, follow 
the terminology defined for the 574 converter several years 
ago. Thus, bipolar offset is located near the midscale value 
of 0V (bipolar zero) at the output code transition 7 FF hex to 
^O^hex* 

Bipolar offset error for the ADC774 is defined as the 
deviation of the actual transition value from the ideal tran- 
sition value located 1/2LSB below 0V. The bipolar offset 
temperature coefficient specifies the maximum change of 
the code transition value versus a change in ambient tem- 
perature. 

FULL SCALE CALIBRATION ERROR 

The last output transition (FFE hex to FFF HEX ) occurs for an 
analog input value 3/2LSB below the nominal full-scale 
value. The full-scale calibration error is the deviation of the 
actual analog value at the last transition point from the ideal 
value. The full-scale calibration temperature coefficient 
specifies the maximum change of the code transition value 
versus a change in ambient temperature. 

POWER SUPPLY SENSITIVITY 

Electrical specifications for the ADC774 assume the appli- 
cation of the rated power supply voltages of +5V and ±12V 
or ±15 V. The major effect of power supply voltage devia- 
tons from the rated values will be a small change in the full- 


BINARY (BIN) OUTPUT 

INPUT VOLTAGE RANGE AND LSB VALUES 



Analog Input Voltage Range 

Defined as 

±10V 

±5V 


0 to +20V 

One Least Significant Bit (LSB) 

FSR 

20 V 

10V 

10V 

20 V 


2" 

2" 

2" 

2" 

2 " 


n = 8 

78.1 3mV 

39.06mV 

39.06mV 

78.1 3mV 

Output Transition Values 

n =12 

4.88mV 

2.44mV 

2.44mV 

4.88mV 

FFE^toFFF^ 

+ Full-Scale Calibration 

+10V - 3/2LSB 

+5V - 3/2LSB 

+10V - 3/2 LSB 

+10V - 3/2LSB 

TFFher to 800^ 

Midscale Calibration (Bipolar Offset) 

0 - 1/2 LSB 

0 - 1/2 LSB 

+5V - 1/2LSB 

±10V - 1/2LSB 

OOOHExtoOOV, 

Zero Calibration (- Full-Scale Calibration) 

-10 V + 1/2LSB 

-5V + 1/2LSB 

0 to +1/2LSB 

0 to +1/2LSB 


TABLE I. Input Voltages, Transition Values, and LSB Values. 
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scale calibration value. This change, of course, results in a 
proportional change in all code transition values (i.e., a gain 
error). The specification describes the maximum change in 
the full-scale calibration value from the initial value for a 
change in each power supply voltage. 

TEMPERATURE COEFFICIENTS 

The temperature coefficients for full-scale calibration, 
unipolar offset and bipolar offset specify the maximum 
change from the +25°C value to the value at T MIN or T MAX . 

QUANTIZATION UNCERTAINTY 

Analog-to-digital converters have an inherent quantization 
error of ±1/21LSB. This error is a fundamental property of 
the quantization process and cannot be eliminated. 

CODE WIDTH (QUANTUM) 

Code width, or quantum, is defined as the range of analog 
input values for which a given output code will occur. The 
ideal code width is 1LSB. 

INSTALLATION 

LAYOUT PRECAUTIONS 

Analog (Pin 9) and digital (Pin 15) commons are not 
connected together internally in the ADC774, but should be 
connected together as close to the unit as possible and to an 
analog common ground plane beneath the converter on the 
component side of the board. In addition, a wide conductor 
pattern should run directly from Pin 9 to the analog supply 
common, and a separate wide conductor pattern from Pin 15 
to the digital supply common. Analog common (Pin 9) 
typically carries +8mA. 

If the single-point system common cannot be established 
directly at the converter; a single wide conductor pattern 
then connects these two pins to the system common. In 
either case, the common return of the analog input signal 
should be referred to Pin 9 of the ADC. This prevents any 
voltage drops that might occur in the power supply common 
returns from appearing in series with the input signal. 

If the 20V analog input range is used (etiher bipolar or 
unipolar), the 10V range input (Pin 13) should be shielded 
with ground plane to reduce noise pickup. If the bipolar 
offset input (Pin 12) is not used to externally trim the 
unipolar offset as shown in Figure 2, connect it to Analog 
Common (Pin 9). 

Coupling between analog input and digital lines should be 
minimized by careful layout. For instance, if the lines must 
cross, they should do so at right angles. Parallel analog and 
digital lines should be separated from each other by a pattern 
connected to common. 

If external full scale and offset potentiometers are used, the 
potentiometers and associated resistors should be located as 
close to the ADC774 as possible. If no trim adjustments are 
used, the fixed resistors should likewise be as close as 
possible. 


POWER SUPPLY DECOUPLING 

Logic and analog power supplies should be bypassed with 
IOjiF tantalum type capacitors located close to the converter 
to obtain noise-free operation. Noise on the power supply 
lines can degrade the converter’s performance. Noise and 
spikes from a switching power supply are especially trou- 
blesome. 

ANALOG SIGNAL SOURCE IMPEDANCE 

The signal source supplying the analog input signal to the 
ADC774 will be driving into a nominal DC input impedance 
of either 5kQ or lOkQ. However, the output impedance of 
the driving source should be very low, such as the output 
impedance provided by a wideband, fast-settling operational 
amplifier. Transients in A/D input current are caused by the 
changes in output current of the internal D/A converter as it 
tests the various bits. The output voltage of the driving 
source must remain constant while furnishing these fast 
current changes. If the application requires a sample/hold, 
select a sample/hold with sufficient bandwidth to preserve 
the accuracy or use a separate wideband buffer amplifier to 
lower the output impedance. 

RANGE CONNECTIONS 

The ADC774 offers four standard input ranges: 0V to +10V, 
0V to +20V, ±5V, and ±10V. If a 10V input range is 
required, the analog input signal should be connected to Pin 
13 of the converter. A signal requiring a 20V range is 
connected to Pin 14. In either case the other pin of the two 
is left unconnected. Full-scale and offset adjustmens are 
described below. 

To operate the converter with a 10.24V (2.5m V LSB) or 
20.48V (5mV LSB) input range, insert a 1200 1% metal- 
film resistor in series with Pin 13 for the 10.24V range, or 
a 2400 1% metal-film resistor in series with pin 14 for the 
20.48V range. Offset adjustments are still perfomed as 
described below. A fixed metal-film resistor can be used 
because the input impedance of the ADC774 is trimmed to 
typically less than ±2% of the nominal value. 

CALIBRATION 

OPTIONAL EXTERNAL FULL-SCALE AND 
OFFSET ADJUSTMENTS 

Offset and full-scale errors may be trimmed to zero using 
external offset and full-scale trim potentiometers connected 
to the ADC774 as shown in Figures 2 and 3 for unipolar and 
bipolar operation. 

CALIBRATION PROCEDURE — 

UNIPOLAR RANGES 

If adjustment of unipolar offset and full scale is not required, 
replace R 2 with a 500, 1% metal-film resistor and connect 
Pin 12 to Pin 9, omitting the adjustment network. 

If adjustment is required, connect the converter as shown in 
Figure 2. Sweep the input through the end-point transition 
voltage (OV + 1/2LSB; +1.22mV for the 10V range, +2.44mV 
for the 10V range) that causes the output code to be DB0 ON 
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(high). Adjust potentiometer R, until DBO is alternately 
toggling ON and OFF with all other bits OFF. Then adjust 
full scale by applying an input voltage of nominal full-scale 
value minus 3/2LSB, the value which should cause all bits 
to be ON. This value is +9.9963 V for the 10V range and 
+ 19.9927V for the 20V range. Adjust potentiometer R 2 until 
bits DB1-DB1 1 are ON and DBO is toggling ON and OFF. 

CALIBRATION PROCEDURE — BIPOLAR RANGES 

If external adjustments of full-scale and bipolar offset are 
not required, the potentiometers may be replaced by 50Q, 
1% metal-film resistors. 

If adjustments are required, connect the converter as shown 
in Figure 3. The calibration procedure is similar to that 
described above for unipolar operation, except that the offset 
adjustment is performed with an input voltage which is 



1/2LSB above the minus full-scale value (-4.9988V for the 
±5V range, -9.9976V for the ±10V range). Adjust R, for DBO 
to toggle ON and OFF with all other bits OFF. To adjust full- 
scale, apply a DC input signal which is 3/2LSB below the 
nominal plus full-scale value (+4.9963 V for ±5V range, 
+9.9927 V for +10V range) and adjust R 2 for DBO to toggle 
ON and OFF with all other bits ON. 

CONTROLLING THE ADC774 

The Burr-Brown ADC774 can be easily interfaced to most 
microprocessor systems and other digital systems. The mi- 
croprocessor may take full control of each conversion, or the 
converter may_operate in a stand-alone mode, controlled 
only by the R/C input. Full control consists of selecting an 
8- or 12-bit conversion cycle, initiating the conversion, and 
reading the output data when ready — choosing either 12 bits 
all at once, or 8 bits followed by _4 bits in a left-justified 
format. The five control inputs (12/8, CS, A 0 , R/C, and CE) 
are all TTL/CMOS-compatible. The functions of the control 
inputs are described in Table II. The control function truth 
table is listed in Table III. 

Read footnote 5 to the Electrical Specifications table if using 
ADC774 to replace the HI774. 

STAND-ALONE OPERATION 

For stand-alone operation, control of the converter js accom- 
plished by a single control line connected to R/C. In this 
mode CS and A 0 are connected to digital common and CE 
and 12/8 are connected to V^^ (+5V). The output data are 
presented as 12-bit words. The stand-alone mode is used in 
systems containing dedicated input ports which do not 
require full bus interface capability. 

Conversion is initiated by a high-to-low transition of R/C. 
The three-state data output buffers are enable when R/C is 
high and STATUS is low. Thus, there are two possible 
modes of operation; conversion can be initiated with either 
positive or negative pulses. In either case the R/C pulse must 
remain low for a minimum for 50ns. 

Figure _4 illustrates timing when conversion is initiated by 
and R/C pulse which goes low and returns to the high state 
during the conversion. In this case, the three-state outputs 
go to the high-impedance state in response to the falling 
edge of R/C and are enable for external access of the data 
after completion of the conversion. Figure 5 illustrates the 
timing when conversion is initiated by a positive R/C pulse. 
In this mode the output data from the previous conversion is 
enable during the positive portion of R/C. A new conversion 
is started on the falling edge of R/C, and the three-state 
outputs return to the high-impedance state until the next 
occurrence of a high R/C pulse. Timing specifications for 
stand-alone operation are listed in Table IV. 

FULLY CONTROLLED OPERATION 
Conversion Length 

Conversion length (8-bit or 12-bit) is determined by the state 
of the A 0 input, which is latched upon receipt of a conversion 
start transition (described below). If A 0 is latched high, the 
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PIN 

DESIGNATION 

DEFINITION 

FUNCTION 

CE (Pin 6) 

Chip Enable 
(active high) 

Must be high (T) to either initiate a conversion or read output data. 0-1 edge may be used to initiate a 
conversion. 

CS (Pin 3) 

Chip Select 
(active low) 

Must be low (“0") to either initiate a conversion or read output data. 1-0 edge may be used to initiate a 
conversion. 

R/C (Pin 5) 

Read/Convert 
(“1 " = read) 

(“0" = convert) 

Must be low (‘‘O’’) to initiate either 8 or 12-bit conversions. 1-0 edge may be used to initiate a conversion. Must 
be high (“1") to read output data. 0-1 edge may be used to initiate a read operation. 

A (Pin 4) 

Byte Address 

Short Cycle 

In the start-convert mode, A 0 selects 8-bit (A 0 = “1") or 12-bit (A 0 « “0") conversion mode. When reading output 
data in two 8-bit bytes, A 0 = “0" accesses 8 MSBs (high byte) and A 0 =. “1" accesses 4 LSBs and trailing “0s" 

(low byte). 

12/8 (Pin 2) 

Data Mode Select 
(“1" » 12 bits) 

(“0” = 8 bits) 

When reading output data, 12/8 = “1" enables ail 12 output bits simultaneously. 12/8" » “0" will enable the 

MSB's or LSB’s as determined by the line. 


TABLE II. ADC774 Control Line Functions. 


mm 

wm 

ESI 

12/8 

A, 

OPERATION 

0 

X 

X 

X 

BB 

None 

X 

1 

X 

X 

BB 

None 

T 

0 

0 

X 

Bfl 

Initiate 12-bit conversion 

T 

0 

0 

X 

Bfl 

Initiate 8-bit conversion 

1 

i 

0 

X 

Bfl 

Initiate 12-bit conversion 

1 

i 

0 

X 

i 

Initiate 8-bit conversion 

1 

0 

mm 

X 

0 

Initiate 12-bit conversion 

1 

0 

Bfl 

X 

i 

Initiate 8-bit conversion 

1 

0 

Bfl 

1 

X 

Enable 12-bit output 

1 

0 

■■ 

0 

0 

Enable 8 MSBs only 

1 

0 

i 

0 

1 

Enable 4 LSBs plus 4 
trailing zeros 


TABLE III. Control Input Truth Table. 





c ± 

C 3 

e 

o 1 A 1 Uo 

*hpr ... . 

*HS 

DB11-DB0 Data Valid ^- i niyM ~ i r.. ot f- ^ Data Valid 



FIGURE 4. R/C Pulse Low — Outputs Enabled After Con- 
version. 


SYMBOL 


133 

TYP 




Low R/C Pulse Width 

50 





STATUS Delay from R/C 



200 

KM 

Wr 

Data Valid After R/C Low 

25 




*HS 

STATUS Delay After Data Valid 


150 

375 


*HRH 

High R/C Pulse Width 

150 



KM 

*DOR 

Data Access Time 



150 

Hi 


TABLE IV. Stand-Alone Mode Timing. 



FIGURE 5. R/C Pulse High — Outputs Enabled Only While 
R/C Is High. 


conversion continues for 8 bits. The full 12-bit conversion 
will occur if A Q is low. If all 12 bits are read following an 
8-bit conversion, the 3 LSBs (DBG-DB2) will be low (logic 
0) and DB3 will be high (logic 1). A 0 is latched because it 
is also involved in enabling the output buffers. No other 
control inputs are latched. 

CONVERSION START 

The converter is commanded to initiate a conversion by a 
transition occurring on any of three logic inputs (CE, CS, 
and R/C) as shown in Table III. Conversion is initiated by 
the last of the three to reach the required state and thus all 
three may be dynamically controlled. If necessary, all three 
may change state simultaneously, and the nominal delay 
time is the same regardless of which input actually starts 
conversion. If it is desired that a particular input establish the 


actual start of conversion, the other two should be stable a 
minimum of 50ns prior to the transition of that input. Timing 
relationships for start of conversion timing are illustrated in 
Figure 6. The specifications for timing are contained in 
Table V. 

The STATUS output shows the current state of the converter 
by being in a high state only during conversion. During this 
time the three-state output buffers remain in a high-imped- 
ance state, and therefore data cannot be read during conver- 
sion. During this period additional transitions of the three 
digital inputs which control conversion will be ignored, so 
that conversion cannot be prematurely terminated or re- 
started. However, if A 0 changes state after the beginning of 
conversion, any additional start conversion transition will 
latch the new state of A 0 , possibly causing an incorrect 
conversion length (8 bits versus 12 bits) for that conversion. 
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TABLE V. Timing Specifications. 


CE 3 


i- -v 

CS — 


*HEC — | 

-i 

f- 

_ tsRcl^-t^ 

R/C — 


w 

f- 

a i— 

A 

*HRC 

TE 

3 

(r 

tsAC “H 


w , . A A 


-f T V 

O 1 O "■ 

DB11- 


*usc m ^ *0 * 

High Impedance 

DBO 


FIGURE 6. Conversion Cycle Timing. 


READING OUTPUT DATA 

After conversion is initiated, the output data buffers remain 
in a high-impedance state until the Jollowing four logic 
conditions are simultaneously met: R/C high, STATUS low, 
CE high, and CS low. Upon satisfaction of these conditions, 
the data lines are enabled according to the state of inputs 12/ 
8 and A 0 . See Figure 7 and Table V for timing relationships 
and specifications. 


I 


r ' ... 

i- ■ A 

tsSR Wr 

m s 

— i 

Jt 


*HRR 

2d 



tsRR 


l~ 






*SAR *HAR 

A 


A- 

DB11- 

DBO 

*HS 

High-Z 

FT 

- — - 

*HD 

$*- Data Valid-**- 

>- 


^ 


L ► 


FIGURE 7. Read Cycle Timing. 


In most applications the 12/8 input will be hard- wired in 
either the high or low condition, although it is fully TTL- 
and CMOS-compatible and may be actively driven if de- 
sired. When 12/8 is high, all 12 output lines (DB0-DB11) 
are enabled simultaneously for full data word transfer to a 
12-bit or 16-bit bus. In this situation the A 0 state is ignored. 
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When 12/8 is low, the data is presented in the form of two 
8-bit bytes, with selection of the byte of interest accom- 
plished by the state of A 0 during the read cycle. Connection 
of the ADC774 to an 8-bit bus for transfer of left-justified 
data is illustrated in Figure 9. The A 0 input is usually driven 
by the least significant bit of the address bus, allowing 
storage of the output data word in two consecutive memory 
locations. 

When A 0 is low, the byte addressed contains the 8MSBs. 
When A 0 is high, the byte addressed contains the 4LSBs 
from the conversion followed by four logic zeros which 
have been forced by the control logic. The left-justified 


formats of the two 8-bit bytes are shown in Figure 8. The 
design of the ADC774 guarantees that the A 0 input may be 
toggled at any time with no damage to the converter; the 
outputs which are tied together as illustrated in Figure 9 
cannot be enabled at the same time. 

In the majority of applications, the read operation will be 
attempted only after the conversion is complete and the 
STATUS output has gone low. In those situations requiring 
the earliest possible access to the data, the read may be 
started as much as (t DD + t HS ) before STATUS goes low. 
Refer to Figure 7 for these timing relationships. 



FIGURE 9. Connection to an 8-Bit Bus. 
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BURR-BROWN® 



ADS574 

ADS774 

ADVANCE INFORMATION 
SUBJECT TO CHANGE 


Microprocessor-Compatible CMOS Sampling 
ANALOG-TO-DIGITAL CONVERTERS 


FEATURES 

• COMPATIBLE WITH ADC574A, 

ADC674A AND ADC774 SOCKETS 

• COMPLETE SAMPLING A to D's 
WITH REFERENCE, CLOCK AND 
MICROPROCESSOR INTERFACE 

• FAST ACQUISITION AND CONVERSION: 
ADS774 at 8ps max 

ADS574 at 25ps max 

• ELIMINATE NEED FOR EXTERNAL 
SAMPLE/HOLD IN MOST APPLfCAT<ON$ 

• GUARANTEED AC AND DC 
PERFORMANCE 

• LOW POWER: 

ADS574 at lOOmW max 
ADS774 at 150mW max 

• PLASTIC OR HERMETIC DIPS 
(0.3” and 0.6" widths), SOIC* 
and DIE AVAILABLE 

• CAN OPERATE FRi® SINGUE +5V 
SUPPLY 


DESCRIPTION 

The ADS574 and ADS774 are 12-bit successive ap- 
proximation analog-to-digital converters using an in- 
novative capacitor array (CDAC) that allows implem- 
entation in low-power CMOS technology, and provides 
■ inherent sampling. These are drop-in replacements for 
ADC574A, ADC674A and ADC774 rnodels in most 
applications, with much lower power consumption, 
and internal sampling, . .. . 

The ADS5t4 and ADS&74 ^iltjanjpllete witiiii|Eemal 
clock, microprocessor interface; three-state outputs, 
i inid internal sqJ^|esiMilli|^ input ranges of OV to 
+10V, OV to ;+20V + ±5V, or itOV- The maximum 
conversion time for il 2-bit conversions (including 
sample acquisition time) Is factory set at 8ps maxi- 
mum for the ADS774 and 25ps maximum for the 
ADS574. ' 

User control over the inherent sampling function is 
. provided for designers who want to eliminate the 
external sample/hold in existing designs. 

X:: T$illADS574 arid ADS774 are available in commer- 
cial <fFC : to +70°C) and military (-55°C to +125°C) 
ranges, and require +5V, with -12V or -15V optional, 
d^nding on usage. No +15V supply is required. 
Ttoth are available in 0.3" or 0.6" wide 28-pin plastic 
(or hermetic DIPs, in 28-pin SOICs, and in die form. 


Bipolar 

Offset °~“ 

20V Range o— 
10V Rariillil 
2.5V Reference 
Input 

2.5V Reference 
Output °“ 


Control Logic 


T T 

mp p p'p p 'p 


Successive 

Approximation 

Register 


2.5V 

Reference 
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SPECIFICATIONS 


ELECTRICAL 

T a » T uh to T,^ , Vpp - +5V, V EE » -15V to +5V sampling frequency of 40kHz on ADS574 and 117kHz on ADS774; unless otherwise specified. 



ADS574JE/JP/JU/SF/SH 

ADS574KE/KP/KU/TF/TH 



ADS774JE/JP/JU/SE/SH 

ADS774KE/KP/KU/TE/TH 


PARAMETER 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 



12 



* 

Bits 

| INPUTS j 

ANALOG 








Voltage Ranges: Unipolar 

0 to + 10 , 0 to +20 




V 

Bipolar 


±5. ±10 





V 

Impedance: ADS574: 








0 to +10V, ±5V 

17.5 

25 

32.5 

* 


* 

kn 

±10V, 0 V to +20V 

70 

110 

150 

* 


* 

kn 

ADS774: 








0 to +10V, ±5V 

8.75 

12.5 .,>£ 

|i: : , 16.25 



* 

kn 

±10V, 0V to +20V 

35 

55...|| ; . 

"%75 


* 

* 

kn 

DIGITAL (CE, CS. R/C, A^ 12/8) 

Voltages: Logic 1 

+ 2.0 


45.5 :> - 




V 

Logic 0 

-0.5 






V 

Current 

-5 . 

m&x 


:S : ‘ * 


. * 

pA 

Capacitance 







pF 

| TRANSFER CHARACTERISTICS | 

DC ACCURACY 

At +25°C 





tj llll::, 



Linearity Error 



±1 



"!* ± 1/2 

LSB 

Unipolar Offset Error (adjustable to zero) 



±2,:;iii 




LSB 

Bipolar Offset Error (adjustable to zero).. 
Full-Scale Calibration Error 



±$. V: 1 



±4 

LSB 

(adjustable to zero) 



M, ±0.25% 


w 

* 

% Of FS <*> 

No Missing Codes Resolution (DHifilihearity), 

M2 






Bits 

Inherent Quantization Error 

"^MIN T"mAX 


± 1 / 2 . 





LSB 

Linearity Error: J, K Orades . 






± 1/2 

LSB 

S, : T Grades • 



±1 /' 



±3/4 

LSB 

Full-Scale Calibration Error 








Without initial Adjustment J*. K Grades 



\ 



±0.37 

% of FS 

-S, TGrades 



±0,75 : 



±0.5 

% of FS 

Adjusted to Zero at +25°C: J, K Grades 



± 0.22 



± 0.12 

% of FS 

S, T Grades 



Si:, ± Mr 



±0.25 

% of FS 

No Missing Codes Resolution: (Diff, Linearity) 

-12 



12 



Bits 

AC ACCURACY ,3 > " 








(F w « 10kHz for ADS574, := :: " 

F w » 20kHz for ADS%) 








Spurious Free Dynamic Range 


76 


76 



dB 

Total Harmonic Distortion 


W77 

-72 



-75 

dB 

Signal-to-Noise Ratio 

69 

•r 72 


71 



dB 

Signal-to-(Noise +Dlstortion) Ratio 

Wmw, 'W 

71 


70 



dB 

Intermodulation Distortion 


75 






ADS574 (F WI - 10kHz, F w - 11.5kHz) 

ADS774 (F*, - 20KHZ, * 21.5kHz) 








TEMPERATURE COEFFICIENTS » 

Unipolar Offset 



±5 



±2.5 

ppm/°C 

Max Change • > 



±2 



±1 

LSB 

Bipolar Offset 



±10 



±5 

ppm/°C 

Max Change: J, K Gfdda 3 : • 



±2 



±1 

LSB 

S, T Grades' ' t 



±4 



±2 

LSB 

Full-Scale Calibration 



±45 



±25 

ppm/°C 

Max Change: J, K Grades 



±9 



±5 

LSB 

S, T Grades 



±20 



±10 

LSB 

POWER SUPPLY SENSITIVITY 

Change in Full-Scale Calibration 








+4.75V < V*, < +5.25V 



± 1/2 



• 

LSB 
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SPECIFICATIONS (CONT) 

ELECTRICAL 

T a = T MN to , Vpj, » +5V, V EE * -15V to +5V sampling frequency of 40kHz on ADS574 and 117kHz on ADS774; unless otherwise specified. 



‘Same specification as ADS574JE/JPAJU/SF/SH or ADS774JE/JP/JU/SF/SH. 

NOTES: (1) With fixed 50Q resistor from REF OUT to REF IN. This parameter is also adjustable to zero at +25°C. (2) FS in this specification table means Full Scale 
Range. That is. for a ±1 0V input raf^b. FS means 20V; for a 0 to +1 0V range, FS means 1 0V. (3) Based on using V EE ■ +5V, which starts a conversion immediately 
upon a convert command. Using V EE = 0V to -1 5V makes the ADS574/ADS774 emulate standard ADS574 operation. In this mode, the internal sample/hold acquires 
the input signal after receiving the convert command, and does not assume that the input level has been stable before the convert command arrives. (4) Using 
internal reference. (5) V EE is optional, and is only used to set the mode for the internal sample/hold. When V EE * -15V, l EE « -1mA typ; when V EE = 0V. I EE » ±5pA 
typ; when V EE = +5V, l EE = +167^A typ. 
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P Package — 0.6" Wide 28-Pln Plastic DIP 


28 15 

r^r^rTLnnnnnnnnj-Lnn 


^■EHEgBEinEIaE3| 






ORDERING INFORMATION 





CONVERSION 

TEMPERATURE 

LINEARITY 

MODEL 

PACKAGE 

TIME 

RANGE 

ERROR 

ADS574JE 

Plastic DIP ■ 

25ns 

0°C to 70°C 

±1LSB 

ADS574KE 

0.3*Plastic DIP T 

25ns 

0°C to 70°C 

11/2LSB 

ADS574JP 

: . 0.6" Plastic DIP < 

25ns 

0°C to 70°C 

±1LSB 

ADS574KP 

• 0.6'Plastic DIP 

25ns 

0°C to 70°C 

±1/2LSB 

ADS574JU 

'. SOIC 

25ns 

0°C to 70°C 

±1LSB 

ADS574KU 

SOIC 

25ns 

0°C to 70°C 

11/2LSB 

ADS574SF 

0.3" Ceramic DIP 

25ns 

-55°C to 125°C 

±1LSB 

ADS574TF 

0.3" Ceramic DIP 

25ns 

-55°C to 125°C 

±1/2LSB 

ADS574SH 

0.6" Ceramic DIP 

25ns 

-55°C to 125°C 

±1LSB 

ADS574TH 

0.6" Ceramic DIP 

25ns 

-55°C to 125°C 

±1/2LSB 

ADS774JE 

0.3" Plastic DIP 

8ns 

0°C to 70°C 

±1LSB 

ADS774KE 

0.3" Plastic DIP 

8ns 

0°C to 70°C 

±1/2LSB 

ADS774JP 

0.6" Plastic DIP 

8ns 

0°C to 70°C 

±1LSB 

ADS774KP 

0.6" Plastic DIP 

8ns 

0°C to 70°C 

±1/2LSB 

ADS774JU 

SOIC 

8ns 

0°Cto70°C 

±1LSB 

ADS774KU 

SOIC 

8ns 

0°C to 70°C 

11/2LSB 

ADS774SF 

0.3" Ceramic DIP 

8ns 

-55°C to 125°C 

±1 LSB 

ADS774TF 

0.3" Ceramic DIP 

8ns 

-55°Cto 125°C 

±1/2 LSB 

ADS774SH 

0.6" Plastic DIP 

8ns 

-65°Cto125°C 

±1LSB 

ADS774TH 

0.6" Plastic DIP 

8ns 

-55°Cto 125°C 

±1/2LSB 
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CONNECTION DIAGRAM 



Status 
DB11 (MSB) 
DBIO 
DB9 
DB8 
DB7 
DBS 
DB5 
|O04 
.003 ; ’ 
pB2 . 

X. 


*Not Internally Connected! 




Input Voltage Range and LSB Values 

imssi 

"HI Defined As: : : - 

:: ^|l!i!|!V 

+5V 

0 V to+IOV 

0V to +20 V 

One Least Significant Bit ■■ 

FSB .ft it, Vft 

ill:, 'WbW 

10V 

10V 

20V 

(lsb) 

I '' 2« . ' %}■': £*: 

'• y m 

2" 

2 n 

2" 


n«8 ' : • 

i?8.i3mV 

39.06mV 

39.06mV 

78.13mV 


pr , . n = 12 

4.88mV 

2.44mV 

2.44mV 

4.88mV 

Output Transition Values 

FFEn to FFF h 

* Full-Scale CaKtxati^Illl::, 

+10V-3/2LSB 

+5V — 3/2 LSB 

+10V — 3/2LSB 

+10V — 3/2LSB 

7FFF H to800 H 

Mjdscale Calibration (Bipolar Offsl|r 

0-1/2LSB 

0 - 1/2LSB 

+5V-1/2LSB 

±10V - 1/2LSB 

000 H to001 H 

Zero Calibration ( ■“ Full-Scalei Calibration) 

-10V+ 1/2LSB 

-5V + 1/2LSB 

0 to +1/2 LSB 

0 to +1/2LSB 



TABLE I. Input Voltages, Transition Values; and LSB Values. 


DESIGNATION J* 

DEFINITION ' 

(FUNCTION 

CE (Pin 6) 

Chip Enable; : 

: (active high) ' V:;’*'-. 

Must be high (T) to either Initiate a conversion or read output data. 0-1 edge may be used to initiate a 
conversion. 

CS (Pin 3) 

Chip Select 
: :: i(active low):,.... 

Must be low (“0") to either initiate a conversion or read output data. 1 -0 edge may be used to Initiate a 
conversion. 

R/C (Pin 5) 

Read/Gonvert 

( u r-read) 

(“0" =* convert) 

Must be low (“O") to Initiate either 8- or 12-bit conversions. 1-0 edge may be used to initiate a conversion. 
Must be high (“1") to read output data. 0-1 edge may be used to initiate a read operation. 

A) (Pin 4) 

Byte Address 

Short Cycle 

In the start-convert mode, A 0 selects 8-blt (A 0 » “1") or 12-bit (A<, = “0”) conversion mode. When reading 
output data in two 8-bit bytes, A 0 » “0" accesses 8 MSBs (high byte) and A 0 « "1" accesses 4 LSBs and 
trailing “Os’* (low byte). 

12^5 (Pin 2) 

Data Mode Select 
(“I** - 12 bits) 

(“0" = 8 bits) 

When reading output data, 12^5 ■ "1" enables ail 12 output bits simultaneously. 12 IS «* “0 M will enable the 
MSBs or LSBs as determined by the Aq line. 


TABLE II. Control Line Functions. 
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CE 

cs 

R/C 

12/8 

Ao 

OPERATION 

0 

X 

X 

X 

X 

None 

X 

1 

X 

X 

X 

None 

t 

0 

0 

X 

0 

Initiate 12-bit conversion 

T 

0 

0 

X 

1 

Initiate 8-bit conversion 

1 

4> 

0 

X 

0 

Initiate 12-bit conversion 

1 

4* 

0 

X 

1 

Initiate 8-bit conversion 

1 

0 

4- 

X 

0 

Initiate 12-bit conversion 

1 

0 

4. 

X 

1 

Initiate 8-bit conversion 

1 

0 

1 

1 

X 

Enable 12-bit output 

1 

0 

1 

0 

0 

Enable 8 MSBs only 

1 

0 

1 

0 

1 

Enable 4 LSBs plus 4 
trailing zeroes 


TABLE III. Control Input Truth Table. 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 


Low R/C Pulse Width 

25 



ns 

*os 

STS Delay from R/C .ylk. 



200 

ns 

*HOR 

Data Valid After R/C Low 

25 



ns 


High R/C Pulse Width 

100 



ns 

*oon 

Data Access Time 



15Q 

ns 


TABLE IV. Stand-Alone Mode Timing. (T A = T^ to T MAX ). 


SYMBOL 

PARAMETER • |4" 

MIN 

• TYP; Ij 

.\% MAX 

UNITS 

w 

STS delay from CE ' 


60 : 

,200 

ns 


CEPuls8 width 

5mm,. 

. 30 


ns 

*ssc 

cs to CE setup 

.Mm. 

: ../ : 20 


ns 

w 

CS low during CE high 

mMrnm, 

mmm 


ns 

ISRC 

... R/C to CE setup 

m 5 timm 

0 


ns 

*HRC 

.. R/C low during CE high ; 

50 kkS 



ns 

tsAC 

: Ap to CE setup : ' 

k, o -y 



ns 

W 

x.= A> vaW durin 9 CE high k 

||§|S: :; .50 

;■ 20 


ns 

Read Mode 







Access time from CE 


75 

150 

ns 

W 'll 

'1 Oata valid after CE low 

1. 25 

35 


ns 

V " 

Output float delay 'ky ..'H 


100 

150 

ns 

tssfl 

CStoCE setup X; X? 

||k. 5tf? 

0 


ns 

ts«, 

X|||i|:iR/C:to CE setup \ ' ; - 




ns 

tsA« 

A, to CE setup 

'kr 50 

25 


ns 

W \ ' ll 

CS valid after CE tdvtr • ... ” 

o 



ns 

*HRfl 

: ’ R/C high after CE tgw ’• 

0 



ns 

Ihar 

A 0 valid after CE low 

50 



ns 


TABLE V. Timing Specifications, Fully Controlled Operation. (T A = T MIN to T MAX ). 


SYMBOL 

PARAMETER |fl|J 

t a 

ADS574 

ADS774 

UNITS 


TYP 

MAX 


TYP 


*AQ + *C 

12-bit Acquisttoh and Conversion 

k:,. 25°C 


22 

25 


7.5 

8 

ps 



• : ; TttN to T MAX 



25 



8.5 

ps 


8 -pit Aoquistion and Conversion 

25°C 


16 

18 


5.5 

5.9 

ps 



"i*MIN 1° "i"uAX 



18 



6.3 

ps 

w 

STS Delay After 










Data Valid ... 

T MN t0T MAX 


400 

1000 


150 

375 

ns 


TABLE VI. Conversion Timing. 
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FIGURE 1. ADS574/ADS774 Transfer Characteristic Terminology. 




FIGURE 4. R/C Pulse Low — Outputs Enabled After Conver- 
sion. 



R/C- 


DB11-DB0 














03 








515 ! 






FIGURE 5. R/C Pulse High — Outputs Enabled Only While 
R/C Is High. 
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FIGURE 6. Conversion Cycle Timing, V K = OV to -111/ 
(ADC574/774 Emulation Mode). 



-zzzi 

:• : • •• 1 

V yVsCTiVxV /•/ 1 

" : f-;:* 

r *o H 

Up 


S/H Control Mode Signal |\ 

Connected to +5V. Acquisition 1 / 

: Conversion - 

/ Signal 
\ Acquisition 

;v>. 

Pk 

l AP 

^ HtaT- 


ADC574 Emulation Mode* 

Pin ir Connected to ~15V or Ground. Acquisition : / 

^ V Conversion ^ 

/ Signal 

X Acquisition 

' "• **»; 

•In the ADC574 Emulation Mode; a convert command triggiers a delay that allows ttie%ps 

i&gj:?'' 

574/774 enough time to acquire the Input signal before converting. 


FIGURE 8. Signal Acquisition and Conversion Timing. 
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ADS602 


12-Bit 1MHz Sampling 
ANALOG-TO-DIGITAL CONVERTER 


FEATURES 

• LOW LINEARITY ERROR 

• SAMPLE RATE: 1MHz 

+ INPUT RANGES: ±5V, OV to +10V 

• COMPLETE SUBSYSTEM: Contains 
Sample/Hold and Reference 

• 32-PIN CERAMIC DIP PACKAGE 

DESCRIPTION 

The ADS602 is a high-speed successive approxima- 
tion analog-to-digital converter with internal sample/ 
hold amplifier. This unique design utilizes a bipolar 
technology with on-chip thin film resistors to preserve 
analog accuracy and a high-speed CMOS chip to 
perform digital logic control. Outstanding linearity, 
noise, and dynamic range are achieved by this con- 
verter design. The ADS602 is thoroughly tested for 
dynamic performance. 

The ADS602 is complete with internal reference, 
clock, and comparator and is packaged in a 32-pin 
ceramic DIP. Sample rate is set at the factory to 
1MHz. Performance is guaranteed with no missing 


APPLICATIONS 

• DIGITAL SIGNAL PROCESSING 

• HIGH-SPEED DATA 
ACQUISITION SYSTEMS 

• MEDICAL INSTRUMENTATION 

• ANALYTICAL INSTRUMENTATION 

• TEST AND IMAGING SYSTEMS 

• WAVEFORM ANALYZERS 


codes over the input voltage, power supply, and oper- 
ating temperature range. The gain and offset errors are 
laser trimmed to specification. Optionally they may be 
externally adjusted to zero. 

The user can switch between unipolar (OV to +10V) 
and bipolar (±5V) operation through one digital logic 
level input. 

Output codes are available in complementary binary 
for unipolar inputs and complementary offset binary 
for bipolar inputs. 

All digital input and output are TTL-compatible. Power 
supply requirements are ±15 V and +5V. 
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SPECIFICATIONS 


ELECTRICAL 

t case = +25°C, 1MHz sampling rate, ±V CC = ±15V, +V DD = +5V, and 6-minute warm-up in a normal convection environment unless otherwise noted. 




ADS602JG 

ADS602KG 


PARAMETER 

CONDITIONS 

| 

TYP 

MAX 


TYP 

MAX 

UNITS 

RESOLUTION 




12 



* 

Bits 

| ANALOG CHARACTERISTICS | 

INPUTS 

Voltage Ranges: Bipolar 

Full Scale (FSR) < , 2 > 

-5 


+5 

— 


. 

V 

Unipolar 

Full Scale (FSR) 

0 


+10 

* 


* 

V 

Input Resistance 



1 



* 


kQ 

Input Capacitance 



5 

10 


* 

* 

PF 

| TRANSFER CHARACTERISTICS | 

STATIC ACCURACY 

Gain Error < 3 4 > 



±0.2 

±0.3 


±0.1 

±0.2 

% of FSR 

Input Offset Error (3 - 4 >: Unipolar 



±6.1 

±0.8 


* 

±0.4 

% of FSR 

Bipolar 



±0.1 

±0.6 


* 

±0.4 

% of FSR 

Integral Linearity Error 



1 3 . 

1.5 


0.9 

1.25 

LSB 

Differential Linearity Error 



1.2 

1.5 


0.9 

1.25 

LSB 

No Missing Codes 



guaranteed 


• 



Power Supply Rejection of Offset and Gain 

A ±V CC «= ±1 0% 


±0.0036 

0.5 


• 

• 

%FSR/%V CC 


A±V oo = ±10% 


±0.001 

0.5 


* 

* 

%FSR/%V 00 

CONVERSION CHARACTERISTICS 
Sample Rate 

Without User Adjustment 

DC 


1M 

■ 

P 

P 

samples/s 

Power Supply Rejection of Conversion Time 

A +V 00 = ±5% 







ns/%V 00 

| DYNAMIC CHARACTERISTICS (The sampling frequency [f s ] = 1MHz and the input signal level ■ -0.5dB, unless otherwise stated.) | 

Differential Linearity Errori 51 

f c = 480kHz, 68% of All Codes 


0.35 



0.25 


LSB 


99% of All Codes 


0.6 



0.5 


LSB 


100% of All Codes 


1.2 



0.9 

1.25 

LSB 

Spurious Free Dynamic Range 

f c = 10kHz 


-74 



-86 

-76 

dB 


f c = 480kHz 


-68 



-73 

-70 

dB 

Total Harmonic Distortion' 81 

f c = 10kHz 


-79 



-83 

-75 

dBc 


f c = 480kHz 


-70 



-72 

-70 

dBc 

Two-Tone Intermodulation Distortion '*• 71 

f c = 90kHz and 110kHz (-6.5dB) 


-77 



* 


dBc 

Signal-to-Noise and Distortion 

f c - 10kHz 


71 


70 

72 


dB 

(SINAD) Ratio 

f c = 480kHz 


63 


64 

67 


dB 

Signal-to-Noise Ratio (SNR) 

f c = 10kHz 


71 


70 

73 


dB 


f c = 480kHz 


67 


67 

69 


dB 

Analog Input Bandwidth (-3dB) 

Small Signal 

-20dB Input 


16 





MHz 

Full Power 

OdB Input 


4 



* 


MHz 

| DIGITAL CHARACTERISTICS f 

INPUT 






■ 



Logic Family 


TTL-Compatible CMOS 

o 


■ I 

1 

Convert Command Logic Voltages 

Logic Low 

0 


+0.8 

| 

| 

■ | 

| 


Logic High 

+2 


+v 0D 


■ 

| , | 

| 

Convert Command Currents 

Logic Low 



-150 





Convert Command 


High Level When Converting 

| 



|| 

OUTPUT 


1 



■ 

■ 

■j ■ 

H 

Logic Family 


TTL-Compatible CMOS 


■ 



Bits 1 through 12, Status 

Logic Low, 1^ = 3.2mA 


+0.1 

+0.4 

| | 

| 


1 


Logic High, 1^ = -1mA 

+2.7 

+4.9 


| | 

■■ 

■ 


Internal Clock Frequency 


17 






Status 


Low Level When Data Valid 


1 

IHI 

■Mi 

POWER SUPPLY REQUIREMENTS | 

Supply Voltages: +V CC 

Operating 

+14.25 

+15 

+15.75 

■BHj 

■ 

■ 


~ V CC 


-14.25 

-15 

-15.75 


| . 



+v DD 


+4.75 

+5 

+5.25 



■ 


Supply Currents: +l cc 

Operating 

■ 

26 

30 


■ 

■ | 


-'cc 



-110 

-140 





+, 00 



60 

80 

| 

■ 

| ... 


Power Consumption 

Operating 


2.3 

2.8 

| 

| ■ 

wmMjl 


Thermal Resistance, 0 JC '*> 



8.7 


I 

n 

II 



* Specification same as ADS602JG. 


9 . 1-52 


Burr-Brown 1C Data Book Supplement, Vol. 33b 
















Or, Call Customer Service at 1-800-548-6132 (USA Only) 


SPECIFICATIONS (cont) 


ELECTRICAL (FULL TEMPERATURE SPECIFICATIONS) 

±V CC = ±15V, +V DD = +5V, and 6-minute warm-up in a normal convection environment unless otherwise noted. 




ADS602JG 

ADS602KG 


PARAMETER 

CONDITIONS 

MIN 






UNITS 

TEMPERATURE RANGE SPECIFICATION 

T*CASE 

0 


+70 




°C 

| TRANSFER CHARACTERISTICS | 

STATIC ACCURACY 

Gain Error (4 > 



±0.2 

±0.5 


±0.1 

±0.4 

% of FSR 

Input Offset Error <4 >: Unipolar 



±0.1 

±0.8 



±0.4 

% of FSR 

Bipolar 



±0.1 

±0.6 



±0.4 

% of FSR 

Integral Linearity Error 



1.25 

1.5 



1.25 

LSB 

Differential Linearity Error 



1.25 

1.5 


i 

1.25 

LSB 

No Missing Codes 


Guaranteed 


• 



Power Supply Rejection of Offset and Gain 



±0.0036 

0.5 



* 

%FSR/%V CC 




±0.001 

0.5 



• 

%FSR/%V 00 

| CONVERSION CHARACTERISTICS | 

Sample Rate 

Without User Adjustment 

DC 


1M 



* 

samples/s 

Power Supply Rejection of Conversion Time 

A +V D0 - ±5% 


±1 





ns/%V DD 

| DYNAMIC CHARACTERISTICS (The sampling frequency [fj = 1MHz and the input signal level - 

-0.5dB, unless otherwise stated.) 


Differential Linearity Error 

f c = 480kHz, 68% of All Codes 


0.35 



0.25 


LSB 


99% of All Codes 


0.7 



0.6 


LSB 


100% of All Codes 


1.3 



1 

1.25 

LSB 

Spurious Free Dynamic Range 

f c = 10kHz 


73 



85 

71 

dB 


f c - 480kHz 


62 



65 


dB 

Total Harmonic Distortion 

f c = 10kHz 


-81 



-83 

-70 

dBc 


f c = 480kHz 


-63 



-65 


dBc 

Two-Tone Intermodulation Distortion (7> 

f c = 90kHz and 110kHz (-6.5dB) 


-77 



-79 


dBc 

Signal-to-Noise and Distortion 

f c = 10kHz 


71 


68 

70 


dB 

(SINAD) Ratio 

f c = 480kHz 


63 



64 


dB 

Signal-to-Noise Ratio (SNR) 

f c = 10kHz 


71 


70 

73 


dB 


f c = 480kHz 


67 


67 

69 


dB 

Analog Input Bandwidth (-3dB) 

Small Signal 

-20dB Input 


16 



. 


MHz 

Full Power 

OdB 


4 



* 


MHz 

| DIGITAL CHARACTERISTICS | 

INPUT 









Logic Family 


TTL-Compatible CMOS 

* 

* 

* 


Convert Command Logic Voltages 

Logic Low 

0 


+0.8 

* 


* 

V 


Logic High 

+2 


+V D0 

* 


* 

V 

Convert Command Currents 

Logic Low 



-150 



* 

PA 

Convert Command 


High Level When Converting 

* 

* 

* 


OUTPUT 









Logic Family 


TTL-Compatibie CMOS 

* 


* 


Bits 1 through 12, Status 

Logic Low, 1^ = 3.2mA 


+0.1 

+0.4 



* 

V 


Logic High, 1^ = -1mA 

+2.7 

+4.9 


* 



V 

Internal Clock Frequency 


17 





MHz 

Status 


Low Level When Data Valid 

* 


* 


| POWER SUPPLY REQUIREMENTS | 

Supply Voltages: +V CC 

Operating 



+15.75 

■ 

■ 

■ 


-v cc 




-15.75 

|H 


H . 


+V 00 


+4.75 


+5.25 


\ ’ H 


■ 

Supply Currents: +l cc 

Operating 



30 

■ 

■ 



”'cc 




-140 

H 

- : • ■ ■ 



+, 00 




80 

■ ■ 



H 

Power Consumption 

Operating 


2.3 

2.8 

■ 

■ 

■ 


Thermal Resistance. 0 JC < 8 > 



8.7 


■ ■ 

UBm 

I 

BESS 


* Specification same as ADS602JG. 


NOTES: (1) Over or under range on the analog input results in constant maximum or minimum digital output. (2) FSR = Full Scale Range. (3) Adjustable to zero. 
(4) If gain and offset adjust pins are not used, they should be grounded. (5) See Typical Performance Curves. (6) dBc = level referred to carrier Input signal » 
-0.5dB of full scale; f c = input frequency. f s = sampling frequency. (7) IMD is referred to the large of the two input test signals. If referred to the peak envelope 
signal (=0dB), the intermodulation products will be 6dB lower. (8) Temperature ranges refer to case temperature. Thermal resistance was measured on a small 
(5" diameter) handwired circuit board, with the test device in a zero-insertion-force socket. Thermal resistance will be lower if the ADS602 is soldered into the PC 
board, a ground plane is used directly underneath the package, multiple PC board layers are used, or forced air cooling is employed. Use heat sinking if necessary 
to keep the case at specified and operating temperatures. 
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MECHANICAL 



PIN CONFIGURATION 



Common (Analog) 

+V CC (+15V) Analog 
-Vcc (-1 5 V) Analog 
Unipolar/Bipolar Control 
Common (Input Signal) 
Common (Analog) 

Offset Adjust Input 
Analog Signal Input 
Gain Adjust Input 
-V cc (-15V) Analog 
+V DD (+5V) Digital 
Common (Digital) 

+V CC (+15V) Analog 
Make No External Connection 
Convert Command 
Make No External Connection 


ABSOLUTE MAXIMUM RATINGS 


±v cc 

±18V 

+V^ 

+7V 

Digital Inputs 

Analog Inputs 

+5.5V 

+v 

Case Temperature 

+125°C 

Junction Temperature 

+150°C 

Storaofi Temcjeratiire .. 

— tn 4.1 «?n°r. 

Stresses above these ratings may permanently damage the device. 


ORDERING INFORMATION 


Basic Model Number 

Performance Grade Code 
J, K: 0°C to +70°C Case Temperature • 

Package Code — 

G: Ceramic Bottom Braze 


( ) 
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TYPICAL PERFORMANCE CURVES 

±V CC = ±1 5V, +V D0 = +5V, 1MHz sampling rate, 6-minute warmup, and T c = +25°C unless otherwise noted. 




1 50 100 150 200 250 300 350 400 450 500 550 1 50 100 150 200 250 300 350 400 450 500 550 


Input Frequency (kHz) 


Input Frequency (kHz) 



100kHz HARMONIC DISTORTION 
(4096 Points) 


_ 

Normal Harmonics (dB) 1 

— 

*c 

-0.5 



2f c 

-87.7 


3f c 

-103.9 


4» c 

-102.7 


» e 

-107.3 


THD 

-86.5 

— 

SINAD 

71.8 

— 

SNR 

71.9 

Aiii.t 

ijLjfliJ.iLu itiUull. JtlUujIfi. lUJjtfli.i. 

illul .JiL.lntlit Am 


Wmm 


1 50 100 150 200 250 300 350 400 450 500 550 


0 125 250 375 500 


Input Frequency (kHz) 


Frequency (kHz) 
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PIN DEFINITIONS 


PIN NUMBER 

DESIGNATION 

DESCRIPTION 

1-6 and 11-16 

Bit 1 to Bit 12 

12-bit parallel output data. 

10 

Status 

Conversion status strobe Is high during data conversion, low when parallel data Is valid. 

18 

Convert Command 

High transition starts conversion, and should remain high during conversion. Low will reset clock and SAR 
logic. Rising edge may be used to latch data from previous conversion. 

24 

Gain Adjust Input 

Allows gain error to be externally adjusted to zero. Ground this pin if it is not used. 

25 

Analog Signal Input 

Signal input to internal S/H amplifier. 

26 

Offset Adjust Input 

Allows offset error to be externally adjusted to zero. Ground this pin if it is not used. 

29 

Unipolar/Bipolar Control 

Ground on this pin engages unipolar operation (0V to +10V). Leaving this pin open engages bipolar (±5V). 


The ADS602 is a sampling A/D converter that employs a 
successive approximation architecture. The ideal transfer 
function for an ADS602 in the bipolar mode is described in 
Figure 1. Initial gain and offset errors may be adjusted to 
zero, gain drift over temperature rotates the transfer function 
about -full scale end point, and offset drift shifts the transfer 
function left or right over the operating temperature range. 
Integral linearity error is the deviation of an actual bit 
transition from the best fit straight line transfer function of 
the converter. A differential linearity error of 0.01 2% means 
that the width of each bit step over the range of the converter 
is 1LSB, ±0.5LSB. The ADS602 is guaranteed to have no 
missing codes over its temperature range. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 

BASIC CONNECTION 

The basic connection for the ADS602 is shown in Figure 2. 
It is shown connected for ±5 V bipolar operation. For unipo- 
lar operation, pin 29 should be grounded. 

INTERFACING 

The ADS602 has an impedance of approximately lk; there- 
fore, to maintain gain accuracy it must be driven from a low 
impedance source. The digital output lines should be buff- 
ered by a latch such as the 74AS574. These three-state 
drivers can then be connected directly to the data bus. 

LAYOUT PRECAUTIONS 

The ADS602 is a high-speed sampling analog-to-digital 
converter which requires more attention to circuit board 
layout than general purpose lower speed A/D converters. 

The ADS602 has two pins for analog common, two pins for 
digital common, and two pins for each power supply input. 
Each pair of these pins must be connected together since 
they are not connected together internally. Connecting all 
commons to a ground plane close to the ADS602 is the best 
method to maximize performance. The ground plane mini- 
mizes noise and provides additional heat dissipation. 



FIGURE 1. Input vs Output for an Ideal Bipolar A/D Con- 
verter. 


ANALOG INPUT 
VOLTAGE RANGE 

±5V 

0V TO +10V 

Code Designation 

One Least 

COB<’> 

CSB® 

Significant Bit (LSB) 

Transition Values 

MSB LSB < 3 > 

111...111 \ 

111.. .110 r 

100.. .000 \ 

011...111 / 

000...001 1 
000...000 ' 

2.44mV 

2.44mV 

-5V + 1/2 LSB 

0V + 1/2 LSB 

-1/2LSB 

+5 - 1/2 LSB 

+5 - 3/2 LSB 

10V - 3/2 LSB 

NOTES: (1) COB = complementary offset binary. (2) CSB « complemen- 

tary straight binary. (3) Voltages given are the nominal value for the 

transition from the next code. 




TABLE I. Input Voltages, Transition Values, LSB Values, 
and Code Definitions. 
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POWER SUPPLY DECOUPLING 
AND POWER SUPPLY SENSITIVITY 

The +15V and +5V power supply pins should be bypassed 
with a lOpF tantalum capacitor as shown in Figure 2. Pin 30 
requires bypassing with a 150pF tantalum capacitor. These 
capacitors should be located close to the ADS602 supply 
pins. Ceramic 0.0 lpF bypass capacitors have been provided 
internally for more effective bypassing and need not be 
added externally. 

Changes in the DC power supply voltages will affect accu- 
racy. Regulated power supplies with 1 % or less ripple are 
recommended for use with the ADS602. Power supply 
decoupling helps to keep ripple low. 

POWER DISSIPATION 

The ADS602 dissipates approximately 2.3W. The package 
has a junction-to-case thermal resistance (0 JC ) of 8.7°C/W 


1-800-548-6132 (USA Only) 

and a case-to-ambient thermal resistance (0 CA ) of 13.7°C/W 
in a normal convection environment. 

OPTIONAL EXTERNAL GAIN 
AND OFFSET ADJUSTMENTS 

Gain and offset errors may be trimmed to zero using external 
trim potentiometers as shown in Figure 2. Multitum poten- 
tiometers with 100ppm/°C temperature coefficient are rec- 
ommended for minimum drift. If the gain adjust or offset 
adjust pins are not used, they must be grounded to meet the 
specified accuracy. 

DYNAMIC PERFORMANCE TESTING 

The ADS602 is a high performance sampling A/D converter 
and careful attention to test techniques is necessary to 
achieve accurate results. Spectral analysis by application of 
a fast Fourier transform (FFT) to the ADC digital output will 
provide data on important dynamic performance parameters. 
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Dynamic Performance Definitions 

1. Signal-to-Noise-and-Distortion Ratio (SIN AD): 
sinewave signal power 

10 log — 

noise + harmonic power (first 9 harmonics) 


2. Signal-to-Noise Ratio (SNR): 

sinewave signal power 

10 log : 

noise power 


3. Total Harmonic Distortion (THD): 

harmonic power (first 9 harmonics) 

10 log 

sinewave signal power 


4. Spurious Free Dynamic Range (SFDR): 

largest harmonic power 

10 log : — : 

sinewave signal power 


5. Intermodulation Distortion (IMD): 

highest IMD product power (to 5th order) 

10 log 

sinewave signal power 

IMD is referred to the larger of the test signals f 1 or f2. Five 
“bins” either side of peak are used for calculation of funda- 
mental and harmonic power. The “0” frequency bin (DC) is 
not included in these calculations as it is of little importance 
in dynamic signal processing applications. 


TIMING CONSIDERATIONS 

In addition to the timing details in Figure 3, the following list 
contains some important timing considerations for the 
ADS602: 

1 . When power is first applied, the convert command should 
be held low or below the +5V supply to prevent latch up. 

2. The rising edge of the convert command pulse initiates a 
conversion. This convert command should remain high until 
the Status falls (i.e., the internal ADC is finished convert- 
ing). A simple circuit that provides the correct convert 
command (pin 18) pulse length, is shown in Figure 2. 

3. The ADS602 goes directly into the “hold” mode when a 
convert command signal is given. The Status falls approxi- 
mately 780ns later, indicating that the conversion is com- 
plete. At this time, the sample-hold (internal to the ADS602) 
enters the track mode. The ADS602 will remain in the track 
mode until the next convert command is given. 

4. The data from conversion “N” can be latched directly by 
the convert command pulse “N + 1”. This approach is 
illustrated in Figure 2. The falling edge of Status may be 
used to latch the data; however. Status must be delayed by 
t SD (see Figure 3) plus the external latch (74AS574) setup 
time. 


External 
Convert 
Command 
(Refer to Figure 2) 

Convert Command 
Signal to Pin 18 
(Refer to Figure 2) 


Status Output 


Data Valid 



Internal 

Sample/Hold 




MIN 

TYP 

MAX 


*CH 

100ns 



External convert command pulse width.* 

tcc 


780ns 



*CONV 

Ips 



Convert command minimum period. 

tSD 


17ns 

50ns 

Status low to data valid. 

W 


780ns 


Convert command to status low. 

*c, 

11ns 

20ns 


Convert command to data invalid. 


FIGURE 3. ADS602 Logic Timing Diagram. 
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12-Bit Resolution Sampling 
A/D CONVERTER 

WITH MICROPROCESSOR INTERFACE 


FEATURES APPLICATIONS 

• lOOksps SAMPLING RATE 

• DC SPECS: 

1/2LSB Integral Linearity Error 
1 LSB Differential Linearity Error 

• AC SPECS: 

82dB Spurious-Free Dynamic Range 
72dB Signal-to-Noise Ratio 
80dB Total Harmonic Distortion 
75dB Two-Tone Intermodulation Distortion 

• INTERNAL SAMPLE/HOLD, REFERENCE & 

CLOCK 

• PIN COMPATIBLE WITH INDUSTRY 
STANDARD ADC574, ADC674, ADC774 
A/D CONVERTERS 

• POWER DISSIPATION: 660mW 

• 28-PIN CERAMIC DIP 


• HIGH SPEED DATA ACQUISITION 

• SPECTRUM ANALYSIS 

• SPEECH SYNTHESIS AND RECOGNITION 

• DSP PROCESS AND MOTION CONTROL 


(D 

-a 


(2) 


Bipolar 

Offset 


J < (2) 

Status 


Control o- 


o 

o 

Control Logic 


o 



P 


Clock 




Comparator 


< 12-Bit 
Convi 


!-Bit D/A 
Converter 


— o Status 




Ref In j 

10V 

Ref Out 

Internal Option: 

Reference 


(1) ADS808 



(2) ADS807 



— K Parallel 

yData 

V Output 
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DESCRIPTION 

ADS807 and ADS808 are complete 12-bit sampling A/D 
converters. Each contain a sample/hold and a successive 
approximation A/D converter with a buried zener reference, 
clock, and 574/674/774-type microprocessor interface. 
ADS807 analog input pins can be connected for OV to +10V 
or±5V analog input ranges. ADS808 hasa±10V analog input 
range. 

The sample/hold has a 1.5jlis max acquisition time to ±0.01 % 
for a full scale input step change. Aperture Time is 25ns and 
Aperture Uncertainty is 300ps. The A/D converter alone 
converts in 8ps max. 

DC performance is completely specified. 11 -bit (J and S 
grades) and 12-bit (K and T grades) integral linearity grades 
are available. 


AC performance is completely characterized: total harmonic 
distortion, intermodulation distortion, signal-to-noise ratio 
and spurious-free dynamic range at the rated lOOksps sam- 
pling rate. 

ADS807/808s are packaged in a 28-pin side-braze, hermetic, 
double-wide ceramic DIP and are specified over 0°C to 
+70°C, and -55°C to +125°C temperature ranges. 

ADS807/808s are excellent single-package replacements for 
A/D converters that use the industry standard 574A/674 A/774 
pinout along with a separate sample/hold. 


SPECIFICATIONS 


ELECTRICAL 

T a = +25°C. Sampling Frequency: f s = 100kHz, +V CC = +15V, -V cc = -15V, V DD = +5V. 



ADS807/808JH 

ADS807/808KH 

ADS807/808RH 

ADS807/808SH 


PARAMETER 

MIN 

TYP 

MAX 


EM 


ra 

KWil 



n 


UNITS 

RESOLUTION 



12 



* 



* 



* 

BITS 

INPUT 




■■■ 








I 


ANALOG INPUT 

Voltage Range <’> 




■ 

U 

■ 

■ 

■ 

■ 

■ 

■ 

■ 


ADS807 

OtO+IOV, ±5V 


■ H 



m 





V 

ADS808 


±10V 




1 


i . M 





V 

Impedance 

100 

150 


| : 

; ' 





- ■ 


■ 

M£i 

Bias Current 



±400 




| 


■ 


■ 

■ 

nA 

AtT M.N 0r T MAX 



±400 

m 

■ 

| 

HI 

■ 

■ 


■ 


nA 

1 DIGITAL INPUTS (Over Temperature Range 

) 

■ 

■ 

■ 

■■ 

■ 


■■ 

1 

mam 


Logic Levels (TTL Compatible) 



1: I 










v IL 

-1.0 


+0.8 

■ 


-- | 

jfSif 

■ 



■ 


V 

V |H 

+2.0 


+5.5 

m 


1 V/ . 

IB 

■ 

■ 

Bl 1 

■ 

■ 

V 

l 1L (V, = +0.4V) 

-5 





■ 




I 



PA 

l IH (V,= +2.7 V) 



+5 

wt 

| R 

. 

HI 



■i 

| H | 


PA 

DC ACCURACY 

Full Scale Error (2M3) 


±0.3 



, 



* 



• * 


% 

T,„ w to T„ iV < s > 



±0.5 



±0.4 



±0.8 



±0.6 

% 

Integral Linearity Error 



±0.024 



±0.012 



±0.024 



±0.012 

% FSR (4) 

Tm,n to T ma * 



±0.024 



±0.012 



±0.024 



±0.012 

% FSR 

Differential Linearity Error 


±0.024 



±0.012 



±0.024 



±0.012 

% FSR 

No Missing Codes Resolution 


11 



12 



11 



12 

Bits 




11 



12 



11 



12 

Bits 

Unipolar Zero (ADS807) 



±3 



±2 



±3 



±2 

LSB 

WoT max 



±2 



±1 



±3 



±2 

LSB 

Bipolar Zero 



±10 



±5 



±10 



±5 

LSB 

t min to T max 

Power Supply Sensitivity 



±2 



±1 



±4 



±2 

LSB 

Change in Full-Scale Calibration 













+14.5 <+V cc < +16.5 



0.5 



* 



* 



* 

LSB 

-16.5 <-V cc < -14.5 



1.0 



* 



* 



* 

LSB 

+4.5 < V 00 < +5.5 



0.5 



* 



* 



* 

LSB 

AC CHARACTERISTICS 

(6) 













Spurious-free Dynamic Range (SFDR) 












f 1N = 10.7kHz (-0.5dB) 


82 



* 



* 



* 


dB 

Total Harmonic Distortion (THD) 













f 1N = 10.7kHz (-0.5dB) | 

80 



* 



* 



* 


dB 

Two-tone Intermodulation Distortion (IMD) (7 > 












f 1N1 = 24.4kHz (-6.5dB) 

t|N2 = 

8 

to 

PC 

N 












ADS807 

75 

|~6.5dB) 


* 



* 



* 


dB 

ADS808 


72 



* 



* 



* 


dB 
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SPECIFICATIONS (CONT) 


ELECTRICAL 

T a = +25°C. Sampling Frequency: f s = 100kHz, +V CC = +15V, -V cc = -15V, V D0 = +5V. 



ADS807/808JH 

ADS807/808KH 

ADS807/808RH 

ADS807/808SH 


PARAMETER 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

AC CHARACTERISTICS (Cont.) 

Signal to Noise Ratio (SNR) 













f 1N = 10.7kHz (-0.5dB) 


72 



* 



* 



* 


dB 

Input Small Signal Bandwidth 













(2Vp-p sinewave) 


2.5 



* 



* 



* 


MHz 

SAMPLING DYMANICS 

Sampling Rate 


100 



. 


■ 

■ 



. 


kHz 

Aperture Delay 


25 



* 






* 


ns 

Aperture Uncertainty (Jitter) 

300 



* 


■ 

H . 



* 


ps, rms 

Feedthrough (lOVp-p, 100kHz) «> 

0.02 



* 






* 


% 

Transient Response lS| 


1.9 



* 


■ 

s 



* 


ps 

Overvoltage Recovery (,0) 


11.4 



* 








ps 

REFERENCE OUTPUT 

Voltage 

9.9 

10.0 

10.1 


. 


■ 

m 

. 



. 

V 

Source Current Available 

for 













External Loads (11 > 

2 



* 




m 


* 



mA 

DIGITAL OUTPUTS (OverTempe 

rature) 





■ 

IHH 






Format 


Parallel 



* 


■ 




* 



Coding 

Bipolar Offset Binary (BOB) 


* 

■ 


* 



* 


Logic Levels (3-state output, TTI compatible) 





■ 






V OL (l slNK = 1.6mA) 

0.0 


+0.4 

* 


* 

H 

H 

* 

* 


* 

V 

V 0 h (W = 500pA) 

+2.4 


+5.0 

* 


* 

■ 

■ 

* 




V 

^LEAKAGE 







! 1 HE 







(High-Z State) 

-5 

-0.1 

+5 

* 





* 

* 


* 

pA 

POWER SUPPLIES 

Rated Voltage 














+v cc 

+14.5 

+15 

+16 

* 

* 

* 

* 

* 

* 

* 

* 

* 

V 

-V cc 

-14.5 

-15 

-16 

* 

* 

* 

* 

* 

* 

* 

* 

* 

V 

V DD 

+4.5 

+5.0 

+5.5 

* 

* 

* 

* 

* 

* 

• 

* 

* 

V 

Current 














+v cc 


15 

18 


* 

* 


* 

* 


* 

* 

V 

-V cc 


26 

33 


* 

* 


* 

* 


* 

* 

V 

v DD 


9 

15 


* 

* 


* 

* 


* 

* 

V 

Power Consumption 


660 

850 


* 

* 


* 

* 


* 

* 

mW 

TEMPERATURE RANGE 

Specification 1 

0 


+70 

* 


* 

-55 


+125 

i 


g 

°C 

Storage 

-65 


+150 

* 


* 

* 


* 




°c 


•Specification same as grade to the left. 


NOTES: (1 ) ADS807: For input ranges -5V to +5V, 0 to +1 0V; ADS808: For input range ±10V (2) Adjustable to zero with external potentiometer. (3) Specifications 
assume a fixed 50Q resistor between Ref Out (Pin 8) and Ref In (Pin 10). This specification measured at the FFE, e to FFF 16 transition, includes offset. (4) FSR ) 
means Full Scale Range. For ADS807, FSR = 1 0V; for ADS808 FSR = 20V. (5) Change specifications for unipolar offset, bipolar zero and full-scale error correspond 
to the change from the initial value (at 25°C) to the value at T M1N or T,^. (6) Refer to Discussion of Specifications section for definitions. (7) Intermodulation distortion 
is referred to the larger of the two input test signals. If referred to the peak envelope signal (approx. OdB), the intermodulation products will be 6dB lower. (8) Sample/ 
Hold Feedthrough: Feedthrough to the output of the A/D converter of a 100kHz sinewave signal when the Sample/Hold is in the HOLD mode. (9) For a 10V step 
input, 12-bit accuracy attained in specified time. (10) Recovers to specified performance in specified time after 2 x Full-Scale input overvoltage. (11) External load 
must be constant during conversion. 
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MECHANICAL 


H Package -28-Pln Ceramic DIP 




INCHES 

1 BIWIMl 

[■HIM 




A 

1.435 

1.465 

36.45 | 37.21 

B 


15.49 BASIC 

1 mm 





D 

MU 

ill 

HI 


F 

K3I 


IBI 

FEET 

mm 

.100 BASIC 

2.54 BASIC | 

mm 




Em 

Q Z 

MmM 

iil 

EBB 

mm 


teem 

in 

mrm 


L 

BB3I 

H&LMJ 

N 


uaUfM 



NOTE: Leads In 
true position within 
0.01 " (0.25mm) R at 
MMC at seating 
plane. Pin numbers 
shown for reference 
only. Numbers may 
not be marked on 
package. 


PIN CONFIGURATION 


V 0D , +5V Supply 
Data Mode Select 12/8 
Chip Select CS 
Byte Address A 0 
Read/Convert R/C 
Chip Enable CE 
+V CC , +15V Supply 
+10V Ref Out 
Analog Common 
+10V Ref In 
-V CC ,-15V Supply 
Bipolar Offset 
10V Input ADS807 
20V Input ADS808 



NOTE: Pin 14 is a “No Connect" on the ADS807. Pin 13 is a “No Connect" on the ADS808. 


Status Output 

DB11 (MSB) 

DB10 

DB9 

DB8 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 

DBO (LSB) 
Digital Common 
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ORDERING INFORMATION 


Model 

Input 

Range 

(V) 

Linearity 

Error,%FSR 

Specification 

Temperature 

Range 

ADS807JH 

-5 to +5 

±0.024 

0°C to +70°C 

ADS807KH 

or 

±0.012 

0°C to +70°C 

ADS807RH 

0 to +10 

±0.024 

-55°C to +125°C 

ADS807SH 


±0.012 

-55°C to +125°C 

ADS808JH 

-5 to +5 

±0.024 

0°C to +70°C 

ADS808KH 

or 

±0.012 

0°C to +70°C 

ADS808RH 

-10 to +10 

±0.024 

-55°C to +125°C 

ADS808SH 


±0.012 

-55°C to +125°C 


BURN-IN SCREENING OPTION 

See text for details. 


Model 

Burn-in 

Temperature 

Specification 

Temperature 

Range 

ADS807JH-BI 

+125°C 

0°C to +70°C 

ADS807KH-BI 

+125°C 

0°C to +70°C 

ADS807RH-BI 

+125°C 

-55°C to +125°C 

ADS807SH-BI 

+125°C 

-55°C to +125°C 

ADS808JH-BI 

+125°C 

0°C to +70°C 

ADS808KH-BI 

+125°C 

0°C to +70°C 

ADS808RH-BI 

+125°C 

-55°C to +125°C 

ADS808SH-BI 

+125°C 

-55°C to +125°C 


1-800-548-6132 (USA Only) 


ABSOLUTE MAXIMUM RATINGS 


+V CC to Digital Common 

+16.5V 


-16.5 V 

V D0 to Digital Common 

+7V 

Analog Common to Digital Common 

±1V 


-0.5 to V nn + 0.5V 

Ref In, BIP Odd, to Analog Common 

±16.5V 

Analog Input Voltage 

Ref Out 

Maximum Junction Temperature 

+V CC or -V cc 

Momentary Short to V cc 
160°C 

Internal Power Dissipation 

Lead Temperature (soldering, 10s) 

Thermal Resistance, 0 JA 

lOOOmW 

+300°C 

50°C/W 

BURN-IN SCREENING 


Bum-in screening is an option available for the ADS807/808. 
Bum-in duration is 160 hours at the temperatures listed 
below, or at an equivalent combination of time and tempera- 
ture according to the Arrhenius equation using leV activa- 
tion energy. 

All units are tested after bum-in to ensure that grade specifi- 
cations are met. To order bum-in, add “-BI” to the base model 
number as shown in the table. 


TYPICAL PERFORMANCE CURVES 

T a = +25°C, +V CC = +15V, — V cc = -15V, V 00 = +5V. 


FULL-SCALE SINEWAVE RESPONSE, f IN = 5kHz 


0 

-20 


Samples: 4096 

Samples' 100000.00Hz 

m -40 


Fund: 4956.05Hz 

THD: -86.9796dB 
SNR: 71.7081dB 

Magnitude 

O OO A) 
o o o 



-120 



I I I 

0 12.5 25 37.5 50 


FULL-SCALE SINEWAVE RESPONSE, f IN = 50kHz 


0 

-20 

I - 40 

3 -60 
a> 

5 -80 
-100 
-120 



Samples: 

4096 



^SAMPLES’ 

100000.00Hz 



Fund: 

47973.63Hz 



THD: 

-73.3439dB 



SNR: 

68.21 32dB 



■i. Jji. Jiii j 


L 


Frequency (kHz) 


Frequency (kHz) 


TWO-TONE INTERMODULATION 
RESPONSE, f 1N = 24kHz and 25kHz 


u 

-20 


Samples: 4096 
f SAMPLES’ 100000.00Hz 

S' _40 


1st Fund: 23999.02Hz 
2nd Fund: 24975.59Hz 

•§ 

2 -60 


IMD: — 75.8614dB 

c 

2 -80 



-100 


iAlAiLL . 1 1 Li i_» , i J. ■ a j 1 

-120 



r i i 

0 12.5 25 37.5 50 

Frequency (kHz) 


oS 

DC 

2 

05 


THD & SNR vs INPUT FREQUENCY, f s = 100kHz 
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TYPICAL PERFORMANCE CURVES (CONT) 

T a = +25°C, +V CC = +15V, -V cc = -1 5V, V 0D = +5V . 


DIFFERENTIAL LINEARITY 
ERROR HISTOGRAM, f IN = 5kHz 



0 1024 2048 3072 4096 

Code 

DISCUSSION OF 
SPECIFICATIONS 

BASIC DEFINITIONS 

Dynamic Range — The ratio of the maximum input signal 
to the smallest quantum the converter can produce. It is ex- 
pressed in dB. For an ideal N-bit linear, binary-coded A/D 
converter, the Dynamic Range is: 

Dynamic Range = 20 log 2 N = 6.02N dB 

This ideal value is degraded by system noise, internal con- 
verter noise, and differential linearity error. 

Full Scale Range, FSR — The nominal range of the A/D 
converter. ADS 808 has a FSR of 20V for the -10 V to +10V 
input range. ADS807 has a FSR of 10V for the 0V to +10V or 
-5V to +5V input ranges. 

Least Significant Bit, LSB — The smallest analog input 
change that is resolved by the A/D converter. For an A/D 
converter with N bits output, the input value of the LSB is 
FSR/2 N . 

Most Significant Bit, MSB — -that binary digit that has the 
greatest value or weight. The MSB weight is FSR/2. 

Resolution — An N-bit binary-coded A/D converter re- 
solves the analog input into 2 N values represented by the 2 N 
digital output codes. 

DC ACCURACY 

Refer to Figure 1 for an illustration of A/D converter DC 
parameter terminology. 


DIFFERENTIAL LINEARITY 



0 1024 2048 3072 4076 

Code 


Linearity Error, Integral Linearity Error, (ILE)— Lin- 
earity error is defined as the deviation of actual analog input 
values from the ideal values about a straight line drawn 
through the code mid-points near full scale (at +V FS -1LSB) 
and at Zero input (at 1/2LSB below the first code transition, 
i.e. at zero) or, in the case of bipolar operation, near minus full 
scale (at 1/2LSB below the first code transition, i.e. at -V FS ). 

Despite the definition, however, code transitions are easier to 
measure than code midpoints. Therefore linearity is meas- 
ured as the deviation of the analog input values from a line 
drawn between the first and last code transitions. Linearity 
Error specifications are expressed in % of Full Scale Range 
(FSR). ADS807/808KH ILE is ±0.012% of FSR which is 1/2 
LSB at 12-bits. 



Analog Input 
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FIGURE 1 . Transfer Characteristic Terminology. 
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Differential Linearity Error, (DLE); No Missing 
Codes — Differential Linearity Error is defined as the devia- 
tion in code width from the ideal value of 1LSB. If the DLE is 
greater than -1LSB anywhere along the range, the A/D will 
have at least one missing code. ADS807/808KH are specified 
to have a DLE of ±0.024% of FSR which is ±1LSB at 12 bits. 
ADS807/808s are specified to have No Missing Codes for 
12-bit resolution over the specification temperature range. 

Full Scale Error — The deviation from the ideal value of the 
input at the last code midpoint (V FS - 1LSB). As with the 
linearity error measurements, code transition values are the 
locations actually measured for this spec. The ideal Full Scale 
transition value is FSR - 3/2LSB for unipolar input convert- 
ers and FSR/2 - 3/2LSB for bipolar input A/D converters. 
Full Scale Error is expressed in % of FSR or in LSBs. Refer to 
Figure 1 . 

Full Scale Error of the ADS807/808 may be trimmed to zero 
using external trim potentiometers. 

Offset Error 

Unipolar Offset Error is defined as the deviation of the actual 
code-midpoint value of the first code from the ideal value 
located at 1/2LSB below the ideal first transition value (i.e. at 
zero volts). 

Bipolar Offset Error is defined as the deviation of the actual 
code-midpoint of the first code from the ideal value located at 
1/2LSB below the ideal first transition value located at -V FS 
+1/2LSB. 

Again, transition values are the actual measured parameters. 
Offset and Zero errors of the ADS807/808 may be trimmed to 
zero using external trim potentiometers. Offset Error is ex- 
pressed as a % of FSR. 

Bipolar Zero Error is defined as the deviation of the actual 
mid-scale-code midpoint value of the input from the ideal 
mid-scale value (i.e. at ZERO volts). The transition value 
actually measured is 1/2LSB below zero input and has a value 
of FSR/2 - 1LSB. Refer to Figure 1 . Bipolar Zero Error is the 
sum of the Bipolar Offset Error, 1/2 the Gain Error, and the 
Linearity Error. It is measured, rather than calculated to avoid 
tolerance buildup resulting from summing the tolerances of 
each spec. 

Power Supply Sensitivity (Rejection) [PSS, PSR] — Power 
Supply Sensitivity describes the maximum change in the full- 
scale transition value from the initial value for a change in 
each power supply voltage. It is specified in units of LSB over 
the power supply range. 


AC PERFORMANCE 


Dynamic Differential Linearity Error — The deviation of 
the frequency of occurrence of output codes from the ideal 
when the A/D converter is operated with an input of specified 
frequency. If a particular code is wider than the ideal 1LSB 
width, then more counts than the theoretical will accumulate 
at that code. This characterization is done using a histogram 
method. 

Signal-to-Noise Ratio (SNR) — The ratio of the signal power 
of a full-scale input sinewave to the RMS output noise power. 
SNR dB = 10 log / Sinewave Signal Power v 
\ Output Noise Power / 

For an ideal N-bit A/D converter (measured over an f s /2 
bandwidth) the SNR is: 

SNR dB = 6.02N +1.76 

This definition assumes that the output noise is described by 
what remains after all fundamental, harmonic, DC and out- 
standing spurious components have been removed. The noise 
power that is left is a “noise floor” that appears across all 
frequencies of the measured spectrum at some relatively flat 
level. SNR is expressed in dB. 

Effective Bits — The effective number of bits is calculated 
using the rewritten formula above and the measured SNR. 

SNR meas -1.76 

6.02 



) 


Spurious-Free Dynamic Range (SFDR) — The power of the 
peak non-fundamental component (harmonic or spurious, in- 
band or out-of-band) in the output specturm to the input signal 
power. Some manufacurers data sheets label this spec as 
“Harmonics and Spurious Noise” or “AC Linearity Error”. 
SFDR is expressed in dB at specified input frequencies and 
sampling rates. 

SFDR dB = 10 log / Power of Peak Spurious Component \ 
\ Sinewave Signal Power / 

Total Harmonic Distortion (THD) — The ratio of power of 
the harmonic output to the sinewave input power. THD is 
expressed in dB at specified input frequencies and sampling 
rates. 


THD dB = 10 log /Harmonic Output Power (to 9 harmonics)^ 
\ Sinewave Signal Power / 

Intermodulation Distortion (IMD) — The ratio of the power 
of the intermodulation products to the input power of the sum 
of two sinewaves of different frequency. IMD is expressed in 
dB at specified input frequencies and sampling rates. 

IMD dB = 10 log /IMD Product Power (to 5th order products)' 
V Sinewave Signal Power 
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AC PERFORMANCE 
CHARACTERIZATION 

SPECTRAL CHARACTERIZATION 

ADS807/808 are characterized for AC performance using 
Fast Fourier Transform (FFT) techniques. Figure 2 shows a 
typical equipment configuration for single-tone testing of 
THD, SNR and SFDR. Figure 3 shows the setup for Two-tone 
IMD characterization. 

Highly accurate phase-locked signal sources allow high reso- 
lution FFT measurements to be made without using window 
functions. By choosing appropriate signal frequencies and 
sample rates, an integral number of signal frequency periods 
can be sampled. (I) Since no spectral leakage results, no win- 


dow function is needed. This “rectangular window” was used 
to generate the spectral performance curves shown in the 
Typical Performance Curves section of this data sheet. A 
4096 point FFT was used for this 12-bit resolution converter 
to assure that the majority of codes were exercised. If phase- 
locked signal sources are not available, a windowing function 
must be applied to the time-domain samples. The four-sample 
Blackman-Harris window (2) is recommended for evaluating 
high-performance A/D converters. 



FIGURE 2. Equipment Configuration for Single-Tone Spectral Characterization. 



FIGURE 3. Equipment Configuration for Two-Tone Spectral Characterization. 
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DYNAMIC DLE CHARACTERIZATION 

The FFT provides an excellent measure of harmonic and 
intermodulation distortion. Low-order spurious products are 
primarily caused by integral non-linearity of the sample/hold 
and A/D converter. 

The influence of differential linearity errors is harder to 
distinguish in a plot of the output spectrum of an A/D con- 
verter — it may show up as high-order harmonics or as very 
minor variations in the overall appearance of the noise floor. 

A more direct method of examining the differential linearity 
error under dynamic conditions is the histogram. (3) The 
equipment setup is the same as for the single-tone FFT. Two 
histograms of ADS808 performance are shown in the Typical 
Performance Curves section of this data sheet. Note the low 
DLE at low frequency and the minor degradation of the DLE 
at the Nyquist frequency. 

References: 

1 . Brigham, E. Oran, The Fast Fourier Transform , Engle- 
wood Cliffs, N.J.: Prentice-Hall, 1974. 

2. Harris, Fredric J., “On the Use of Windows for Harmonic 
Analysis with the Discrete Fourier Transform,” Proceedings 
of the IEEE , Vol. 66, No. 1, January 1987, pp 51-83. 

3. “Dynamic Tests for A/D Converter Performance,” Appli- 
cation Note AN- 133, Burr-Brown Corporation, Tucson, AZ, 
1985. 


mon and Digital Common together and then run a single wire 
to the power supply. When using separate returns, connect a 
lpF to 47pF tantalum capacitor between Digital Common 
and Analog Common pins as close to the package as possible. 

Power Supply Bypassing — Every power-supply line lead- 
ing into an A/D converter must be bypassed to its Common 
pin. The bypass capacitor should be located as close to the 
converter package as possible and tied to a solid ground ■ — 
connecting the capacitors to a noisy ground defeats the pur- 
pose of the bypass. Use tantalum capacitors with values of 
from lpF to 47 pp and parallel them with smaller ceramic 
capacitors for high frequency filtering if necessary. 

Separate Analog and Digital Signals— Digital signals 
entering or leaving the layout should have minimum length to 
minimize crosstalk to analog wiring. Keep analog signals as 
far away as possible from digital signals. If they must cross, 
cross them at right angles. Coaxial cable may be necessary for 
analog inputs in some situations. 

Wire-wrap construction is not recommended for best noise 
performance. 

Shield Other Sensitive Points — If external gain and 
offset potentiometers are used, the potentiometers and associ- 
ated series resistors should be located as close to the ADS807/ 
808 as possible. If no trim adjusting is required and fixed 
resistors are used, they should also be located as close to the 
converter as possible. 


INSTALLATION 

POWER SUPPLY SELECTION 

Linear power supplies are preferred. Switching power supply 
specifications may appear to indicate low noise output, but 
these specifications are rms specs. The spikes generated in 
switchers may be hard to filter. Their high-frequency compo- 
nents may be extremely difficult to keep out the power supply 
return system. If switchers must be used, their outputs must be 
carefully filtered and the power supply itself should be 
shielded and located as far away as possible from precision 
analog circuits. 


ANALOG INPUT RANGES 
Unipolar Connection (ADS807 only) 

Analog input connections for the 0 to + 10V unipolar input 
range of ADS807 is shown in Figure 4. 

When the 0V to +10V input range is used, apply the analog 
input to pin 13. If gain adjustment is not used, replace 
potentiometer R2 with a 50Q ±1 % metal film resistor to meet 
published specifications. If offset adjustment is not used, 
connect pin 12 (Bipolar Offset) directly to pin 9 (Analog 
Common). 


LAYOUT CONSIDERATIONS 
Power Supply Wiring — Use heavy power supply and 
power supply common (ground) wiring. A ground plane is 
usually the best solution for preserving dynamic performance 
and reducing noise coupling into sensitive converter circuits. 

When passing converter power through a connector, use 
every available spare pin for making power supply return 
connections, and use some of the pins as a Faraday shield to 
separate the Analog and Digital Common lines. 

Power Supply Returns — (Analog Common & Digital 
Common) Connect Analog Common and Digital Common 
together right at the converter with the ground plane. They are 
not connected internally. This will usually give the best per- 
formance. However, it may cause problems for the system 
designer. Where it is absolutely necessary to separate analog 
and digital power supply returns, each should be separately 
returned to the power supply. Do not connect Analog Com- 
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Bipolar Connection 

Analog input connections for bipolar input ranges are shown 
in Figure 5. 

Input pin 13 is used on the ADS 807. Input pin 14 is used on 
the ADS808. If either bipolar offset or bipolar gain adjust- 
ments are not required, the trim potentiometer R 1 and R 2 are to 
be replaced with fixed 50Q ±1% metal film resistors to meet 
published specifications. 

CALIBRATION 

UNIPOLAR RANGE (ADS807 only) 

To adjust unipolar offset, sweep the input through the end- 
point transition voltage (OV +1/2LSB), +1.22mV for the 
ADS807, that causes the output code DBO High. Adjust 
potentiometer R t until DBO is alternately toggling High and 
Low with all other bits Low. Then adjust Full Scale by 
applying an input voltage of nominal full-scale minus 
3/2LSB (V FS -3/2LSB), the value which should cause all bits 
to be High. This value is +9.9963V. Adjust potentiometer R 2 
until bits DB 1-DB 1 1 are High and DBO is toggling High and 
Low. 

BIPOLAR RANGES 

The calibration procedure is similar to that decsribed above 
for unipolar operation, except that the offset adjustment is 
performed with an input voltage which is 1/2LSB above the 
minus full-scale value (-4.9988V for the ±5V range, ADS807; 
-9.9976V for the ±10V range, ADS808). Adjust R1 for DBO 
to toggle High and Low with all other bits Low. To adjust full- 
scale, apply a DC input voltage which is 3/2LSB below the 
nominal plus full-scale value (+4.9963V for the ±5V range, 
ADS807; +9.9927V for the ±10V range, ADS808) and adjust 
R2 for DBO to toggle High and Low with all other bits High. 



CONTROLLING 
THE ADS807/808 

The Burr-Brown ADS807/808 can be easily interfaced to 
most microprocessor systems and other digital systems. The 
microprocessor may take full control of each conversion, or 
the converter may operate in a stand-alone mode, controlled 
only by the R/C input. Full control consists of selecting an 8- 
or 12-bit conversion cycle, initiating the conversion, and 
reading the output data when ready — choosing either 12 bits 
all at once, 8 bits followed by 4 bits in a left-justified format. 
The five control inputs (12/8, CS, A 0 , R/C and CE) all 
perform the same functions as the interface to the popular 
A/D converters ADC574A, ADC674A, and ADC774. They 
are TTL/5 V-CMOS compatible. Table II contains a summary 
of the control line functions of the ADS807/808. The control 
function truth table is listed in Table III. 


BINARY (BIN) OUTPUT 

INPUT VOLTAGE RANGE AND LSB VALUES 


Input Voltage Range 

Defined As: 

±10V 

(ADS808) 

0V to +10V 
(ADS807) 

±5V 

(ADS807) 

One Least 1 

Significant Bit 

FSR/2" 

20V/2" 

10V/2" 

10V/2? 

(LSB) 

n=8 

78.13mV 

39.06mV 

39.06mV 


n=12 

4.88mV 

2.44mV 

2.44mV 

j Output Transition Values j 

FFE h to FFF h 

+Full-scale 

+10V-3/2LSB 

+1 0V-3/2LSB 

+5V-3/2LSB 

7FF h to 800 h 

Mid Scale, 

(BP Zero) 

0V-1/2LSB 

+5V-1/2LSB 

0V-1/2LSB 

000 H to001 H 

Zero, 

-Full Scale 

-1 0V+1/2LSB 

0V+1/2LSB 

-5V+1/2LSB 


TABLE I. Input Voltages, Transition Values, and LSB Values. 
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PIN DESIGNATION 

DEFINITION 

FUNCTION 

CE (Pin 6) 

Chip Enable 
(active high) 

Must be high (“1") to either initiate a conversion or read output data. 0->1 edge may be used to initiate a conversion. 

CS (Pin 3) 

Chip Select 
(Active Low) 

Must be low (“0") to either initiate a conversion or read output data. 1->0 edge may be used to Initiate a conversion. 

R/C (Pin 5) 

Read/Convert 
(“1 " = read) 

(“0" = convert) 

Must be low (“0") to initiate either 8- or 12- bit operation. 1->0 edge may be used to Initiate a conversion. 

Must be high (“1”) to read output data. 0->1 edge may be used to Initiate a read operation. 

\ (Pin 4) 

Byte Address 
Short Cycle 

In the start-convert mode, A 0 selects 8- bit (A 0 = “1”) or 12-bit (A 0 = “0”) conversion mode. When reading output data 
in 2 8-bit bytes, A 0 = “0” accesses 8 MSBs (high byte) and A 0 = “1” accesses 4 LSBs and trailing zeros (low byte). 

12/8 (Pin 2) 

Data Mode 
Select 

fT- 12 bits) 
(“0” = 8 bits 

When reading output data, 12/8 = “1” enables all 12 output bits simultaneously. 12/8 = “0" will enable the 

MSBs or LSBs as determined by the A 0 line. 


TABLE II. ADS807/808 Control Line Functions. 


CE 

CS 

R/C 

12/8 

A o 

OPERATION 

0 

X 

X 

X 

X 

None 

X 

1 

X 

X 

X 

None 

0->1 

0 

0 

X 

0 

Hold & Initiate 12-bit conversion 

0->1 

0 

0 

X 

1 

Hold & Initiate 8-bit conversion 

1 

1->0 

0 

X 

0 

Ho!d& Initiate 12-bit conversion 

1 

1->0 

0 

X 

1 

Hold & Initiate 8-bit conversion 

1 

0 

1->0 

X 

0 

Hold & Initiate 12-bit conversion 

1 

0 

1->0 

X 

1 

Hold & Initiate 8-bit conversion 

1 

0 

1 

1 

X 

Enable 12-bit output 

1 

0 

1 

0 

0 

Enable 8 MSBs only 

1 

0 

1 

0 

1 

Enable 4 LSBs plus 4 trailing zeros 


TABLE III. Control Input Truth Table. (X means Don’t Care.) 

STAND-ALONE 

(NO BUS INTERFACE) OPERATION 

For stand-alone operation, control of the converter is accom- 
plished by a single control line connected to R/C. In this mode 
CS_and A 0 are connected to digital common and CE and 
12/8 are connected to V DD (+5V). The output data are pre- 
sented as 12-bit words. The stand-alone mode is used in 
systems containing dedicated input ports which do not re- 
quire full bus interface capability. 

Conversion is initiated by a High-to-Low transition (Hold/ 
Convert) of R/C. This transition commands the sample/hold 
to Hold and the converter logic to start the conversion. The 
Sample-To-Hold settling time is so short that the sample/hold 
is fully settled to the required accuracy before the first 
successive approximation A/D decision occurs. 



FIGURE 6. R/C Pulse Low — Output Enables After 
Conversion. 


The three-state data output buffers are enabled when R/C is 
High and Status is Low. Thus, there are two possible modes of 
operation; conversion can be initiated with either positive or 
negative pulses. In either case the R/C pulse must remain low 
for a minimum of 50ns. 

Figure 6 illustrates Jtiming when the Hold/Convert command 
is initiated by an R/C pulse which goes Low and returns to the 
High state during the conversion. In this case, the three-state 
outputs go to the_high-impedance state in response to the 
falling edge of R/C and are enabled for external access of the 
data after completion of the conversion. Figure 7 illustrates 
the timing when Hold/Convert is initiated by a positive R/C 
pulse. In this mode the output data from the previous conver- 
sion is enabled during the positive portion_of R/C. A new 
conversion is started on the falling edge of R/C, and the three- 
state outputs return to the high-impedance state until the next 
occurrence of a high R/C pulse. Timing specifications for 
stand-alone operation are listed in Table IV. 


SYMBOL PARAMETER 

MIN 

TYP MAX 

UNITS 

V 

Low R/C Pulse Width 

50 


ns 

tos 

STS Delay from R/C 


200 

ns 

u 

Data Valid After R/C Low 

25 


ns 


STS Delay After Data Valid 

115 

150 375 

ns 

VtRH 

High R/C Pulse Width 

150 


ns 

*DDR 

Data Access Time 


150 

ns 


TABLE IV. Stand-alone Mode Timing. 
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High-Z State 



FIGURE 7. R/C Pulse High- — Output Enables Only While 
R/C Is High. 


Note that, unlike the R/C command input timing for non- 
sampling A/D converters such as the ADC574A/674 A/774, a 
time period (Acquisition Time) must be allowed for the 
sample/hold amplifier to acquire the next sample. This time 
period, occurring immediately after the conversion is com- 
plete (Status goes Low), is lfis typical (1.5ps maximum) for 
acquisition to ±0.01% of Full Scale Range for a 10V analog 
input change from the previous held value to the next. 

FULLY CONTROLLED OPERATION 
Throughput Period 

The throughput period, reciprocal of the sampling rate, (8-bit 
or 12-bit) is determined by the state of the A 0 input, which is 
latched upon receipt of a Hold/Convert start transition (de- 
scribed below). If A 0 is latched High, the conversion contin- 
ues for 8 bits. The full 12-bit conversion will occur if A 0 is 
Low. If all 12 bits are read following an 8-bit conversion, the 
3LSBs (DB0-DB2) will be Low (logic 0) and DB3 will be 
High (logic 1). A 0 is latched because it is also involved in 
enabling the output buffers. No other control inputs are 
latched. 

Conversion Start 

The converter is commanded to initiate a Hold/Convert op- 
eration^ a transition occurring on any of three logic inputs 
(CE, CS, and R/C) as shown in Table III. Conversion is 
initiated by the last of the three logic inputs to reach the 
required state and thus all three may be dynamically con- 
trolled. If necessary all three may change state simultane- 
ously, and the nominal delay time is the same regardless of 
which input actually starts the operation. If it is desired that a 
particular input establish the actual start of operation, the 
other two should be stable a minimum of 50ns prior to the 
transition of that input. Timing relationships for start of 
operation timing are illustrated in Figure 8. The specifications 
for timing are contained in Table V. 

The Status output indicates the current state of the converter 
by being in a high state only during conversion. During this 
time the three-state output buffers remain in a high-imped- 
ance state, and therefore data cannot be read during conver- 
sion. During this period additional transitions of the three 
digital inputs which control conversion will be ignored, so 
that conversion cannot be prematurely terminated or re- 
started. However, if A 0 changes state after the beginning of 
operation, any additional Hold/Convert transition will latch 
the new state of A 0 , possibly resulting in an incorrect conver- 
sion length (8-bits vs. 12-bits) for that conversion. 


As with stand-alone operation described above, sample/hold 
Acquisition Time must be provided before the next Hold/ 
Convert command. 




^ \ 


1 




■ 


tenJ 
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: 

STS 


w 

-4 

A A 
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DB11-DB0 

Lsc 

S/H ~ Ho,d High Impedance 




FIGURE 8. Conversion Cycle Timing. 


READING OUTPUT DATA 

After operation is initiated, the output data buffers remain in a 
high-impedance state until the following four logic condi- 
tions are simultaneously met: R/C High, Status Low, CE 
High and CS Low. Upon satisfaction of these conditions the 
data lines are enabled according to the state of inputs 12/8 and 
A 0 . See Figure 1 1 and Table V for timing relationships and 
specifications. 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

Conversion Mode 





tosc 

STS Delay from CE 


60 

200 

ns 

Lec 

CE Pulse Width 

50 

30 


ns 

Lsc 

CS to CE Setup time 

50 

20 


ns 

Lsc 

CS low during CE high 

50 

20 


ns 

Lrc 

R/C to CE setup 

50 

0 


ns 

Lrc 

R/C low during CE high 

50 

20 


ns 

Lac 

A 0 to CE setup 

0 



ns 

Lac 

A 0 valid during CE high 

50 

20 


ns 

L 

Conversion time plus 






Acquisition time 12-bit cycle 


9 

10 

MS 


8-bit cycle 


6 

6.5 

MS 

Read Mode 






Ld 

Access time from CE 


75 

150 

ns 

Lo 

Data valid after CE low 

25 

35 


ns 

L l 

Output float delay 


100 

150 

ns 

Lsr 

CS to CE setup 

50 

0 


ns 

LaR 

R/C to CE setup 

0 



ns 

Lsr 

CS valid after CE low 

0 



ns 

Lrr 

R/C high after CE low 

0 



ns 

Lar 

A 0 valid after CE low 

50 



ns 

Ls 

STS delay after data valid 

115 

150 

375 

ns 


NOTE: Specifications are at +25°C and measured at 50% level of transitions. 


TABLE V. Timing Specifications. 


9.1-70 


Burr-Brown IC Data Book Supplement, Vol. 33b 







Or, Call Customer Service at 1-800-S48-6132 (USA Only) 


In most applications the 12/8 input will be hard- wired in 
either the High or Low condition, although it is fully TTL-and 
CMOS-compatible and may be actively driven if desired. 
When 12/8 is High, all 12 output lines (DB0-DB11) are 
enabled simultaneously for full data word transfer to a 12-bit 
or 16-bit bus. In this situation the state of A 0 is ignored. 

When 12/8 is Low, the data is presented in the form of two 8- 
bit bytes, with selection of the byte of interest accomplished 
by the state of A 0 during the Read cycle. Connection of the 
ADS807/808 to an 8-bit bus for transfer of left-justified data 
is illustrated in Figure 9. The A 0 input is usually driven by the 
least significant bit of the address bus, allowing storage of the 
output data word in two consecutive memory locations. 

When A 0 is Low, the byte addressed contains the 8MSBs. 
When A 0 is High, the byte addressed contains the 4LSBs from 
the conversion followed by four logic zeros which have been 
forced by the control logic. The left-justified formats of the 
two 8-bit bytes are shown in Figure 10. The design of the 
ADS807/808 guarantees that the A 0 input may be toggled at 
any time with no damage to the converter; the outputs which 
are tied together as illustrated in Figure 9 cannot be enabled at 
the same time. 

In the majority of applications the Read operation will be 
attempted only after the conversion is complete and the Status 
output has gone Low. In those situations requiring the earliest 
possible access to the data, the Read operation may be started 
as much as (t DD max + t HS max) before Status goes Low. Of 
course, Acquisition Time must be allowed for the sample/ 
hold before the next Hold/Convert operation is initiated. 
Refer to Figure 1 1 for these timing relationships. 


Wordl 

Processor 

DB7 DB6 
Converter 

DB5 

DB4 

DB3 

DB2 

DB1 

DBO 

DB11 DB10 

DB9 

DB8 

DB7 

DB6 

DB5 

DB4 

| Word 2 | 

Processor 

DB7 DB6 
Converter 

DBS 

DB4 

DB3 

DB2 

DB1 

DBO 

DB3 DB2 

DB1 

DBO 

0 

0 

0 

0 


FIGURE 10. 12-Bit Data Format for 8-Bit Bus System. 



FIGURE 1 1. Read Cycle Timing. 



FIGURE 9. Connection to an 8-bit Bus. 
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12-Bit 3|xs Sampling 
ANALOG-TO-DIGITAL CONVERTER 


FEATURES 

• 333k SAMPLES PER SECOND 

• STANDARD ±10V AND ±5V INPUT 
RANGES 

• DC PERFORMANCE OVER TEMP: 

No Missing Codes 

1/2LSB Integral Linearity Error 
3/4LSB Differential Linearity Error 

• AC PERFORMANCE OVER TEMP: 

72dB Signal-to-Noise Ratio 

80dB Spurious-free Dynamic Range 
-80dB Total Harmonic Distortion 

• INTERNAL SAMPLE/HOLD, REFERENCE, 
CLOCK, AND 3-STATE OUTPUTS 

• POWER DISSIPATION: 215mW max 

• PACKAGE: 24-Pin Single-wide DIP 

24-Lead SOIC 


DESCRIPTION 

The ADS7800 is a complete 12-bit sampling A/D con- 
verter using state-of-the-art CMOS structures. It con- 
tains a complete 12-bit successive approximation A/D 
converter with internal sample/hold, reference, clock, 
digital interface for microprocessor control, and three- 
state output drivers. 

The ADS7800 is specified at a 333kHz sampling rate. 
Conversion time is factory set for 2.70ps max over 
temperature, and the high speed sampling input stage 
insures a total acquisition and conversion time of 3|is 
max over temperature. Precision, laser-trimmed scal- 
ing resistors provide industry-standard input ranges of 
±5V or±10V. 

AC and DC performance are completely specified. 
Two grades based on linearity and dynamic perform- 
ance are available to provide the optimum price/per- 
formance fit in a wide range of applications. 

The 24-pin ADS7800 is available in plastic and side- 
braze hermetic 0.3" wide DIPs, and in an SOIC pack- 
age. It operates from a +5V supply and either a -12 V 
or -15V supply. The ADS7800 is available in grades 
specified over 0°C to +70°C and -40°C to +85°C tem- 
perature ranges. 


Control — l Clock l 
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SPECIFICATIONS 

ELECTRICAL 

T a = T M1N to T,^, Sampling Frequency, f s , = 333kHz, -V 3 = -15V, V g =* +5V, unless otherwise specified. 



9.1 


• I 


* Same as specification for ADS7800JP/JU/AH. NOTES: (1) Adjustable to zero with external potentiometer. (2)LSB means Least Significant Bit. For 
ADS7800, 1LSB = 2.44mV for the ±5V range, 1LSB « 4.88mV for the ±10V range. (3) Noise was characterized over temperature near full scale, OV, and 
negative full scale. 0.1 LSB represents a typical rms level of noise at the worst case, which was near full scale input at +125°C. (4) All specifications in dB 
are referred to a full-scale input, either ±10V or ±5V. (5) For full-scale step input. 12-bit accuracy attained in specified time. (6) Recovers to specified per- 
formance in specified time after 2 x F s input overvoltage. 
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TYPICAL PERFORMANCE CURVES 

+V 8 = +5V, -V 9 = -15V, and T A = +25°C, unless otherwise noted. All plots use 1024 point FFTs. 
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MECHANICAL 
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PIN ASSIGNMENTS 


ABSOLUTE MAXIMUM RATINGS 


rnrw 

TOTH 

DESCRIPTION 

D 

INI 

±10V Analog Input. Connected to GND for ±5V range. 

D 

IN2 

±5V Analog Input. Connected to GND for ±10V range. 

H 

REF 

+2V Reference Output. Bypass to GND with 22jxF to 

47pF Tantalum. Buffer for external loads. 

B 

AGND 

Analog Ground. Connect to pin 13. 

5 

Dll 

Data Bit 1 1 . Most Significant Bit (MSB). 

6 

D10 

Data Bit 10. 

7 

D9 

Data Bit 9. 

8 

D8 

Data Bit 8. 

9 

D7 

Data Bit 7 if HBE is LOW; LOW if HBE is HIGH. 

10 

D6 

Data Bit 6 if HBE is LOW; LOW if HBE is HIGH. 

11 

D5 

Data Bit 5 if HBE is LOW; LOW if HBE is HIGH. 

12 

D4 

Data Bit 4 if HBE is LOW; LOW if HBE is HIGH. 

13 

DGND 

Digital Ground. Connect to pin 4. 

14 

D3 

Data Bit 3 if HBE is LOW; Data Bit 1 1 if HBE is HIGH. 

15 

D2 

Data Bit 2 if HBE is LOW; Data Bit 10 if HBE is HIGH. 

16 

D1 

Data Bit 1 if HBE is LOW; Data Bit 9 if HBE is HIGH. 

17 

DO 

Data Bit 0 if HBE is LOW. Least Significant Bit (LSB); 

Data Bit 8 if HBE is HIGH. 

18 

HBE 

High Byte Enable. When held LOW, data output as 12- 
bits in parallel. When held HIGH, four MSBs presented 
on pins 14-17, pins 9-12 output LOWs. Must be LOW to 
initiate conversion. 

19 

R/C 

Read/Convert. Falling edge initiates conversion when 

CS is LOW, HBE is LOW, and BUSY is HIGH. 

20 

CS 

Chip Select. Outputs in Hi-Z state when HIGH. Must be 
LOW to initiate conversion or read data. 

21 

BUSY 

Busy. Output LOW during conversion. Data valid on 
rising edge in Convert Mode. 

22 

-v. 

Negative Power Supply. -12V or -15V. Bypass to 

GND. 

23 

v SD 

Positive Digital Power Supply. +5V. Connect to pin 24, 
and bypass to GND. 

24 

V SA 

Positive Analog Power Supply. +5V. Connect to pin 23, 
and bypass to GND. 


-V 3 to ANALOG COMMON -16.5V 

V s to DIGITAL COMMON +7V 

Pin 23 (V so ) to Pin 24 (V^ ) ±0.3V 

ANALOG COMMON to DIGITAL COMMON ±1 V 

Control Inputs to DIGITAL COMMON -0.3 to V g + 0.3V 

Analog Input Voltage ±20V 

Maximum Junction Temperature 160°C 

Internal Power Dissipation 750mW 

Lead Temperature (soldering, 10s) +300°C 

Thermal Resistance, 0*: 

Plastic DIP 100°C/W 

SOIC 100°C/W 

Ceramic 50°C/W 


PIN CONFIGURATION 





IN2 [T 


SH ’ . ■ 

REF [T 


■ 

AGND [4 


2l] BUSY 

Dll [7 


20] CS 

D10 [7 


is] R/C 

D9 {7 


18] HBE 

D8 [7 


DO 

D7 [7 


16] D1 

D6 Qo 


15] D2 

D5 [77 


l3 D3 

D4 [l2 


li) DGND 


ORDERING INFORMATION: 


Model 

Integral 

Linearity 

Error (LSB) 

Slgnal-to- 
(Nolse+Dlstortion) 
Ratio (dB min) 

Specification 
Temperature 
Range (°C) 

Package 

ADS7800JP 

±1 

67 

0 to +70 

Plastic DIP 

ADS7800KP 

±1/2 

69 

0 to +70 

Plastic DIP 

ADS7800JU 

±1 

67 

0 to +70 

Plastic SOIC 

ADS7800KU 

±1/2 

69 

0 to +70 

Plastic SOIC 

ADS7800AH 

±1 

67 

-^0 to +85 

Ceramic DIP 

ADS7800BH 

±1/2 

69 

-40 to +85 

Ceramic DIP 


CAUTION 

The ADS7800 is an ESD (electrostatic discharge) sensitive 
device. The digital control inputs have a special FET struc- 
ture, which turns on when the input exceeds the supply by 
18V, to minimize ESD damage. However, permanent 
damage may occur on unconnected devices subject to high 
energy electrostatic fields. When not in use, devices must be 
stored in conductive foam or shunts. The protective foam 
should be discharged to the destination socket before devices 
are removed. 
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THEORY OF OPERATION 

The ADS7800 combines the advantages of advanced CMOS 
technology (logic density, stable capacitors, and good 
analog switches) with Burr-Brown’s proven skills in laser- 
trimmed thin-film resistors to provide a complete sampling 
analog-to-digital converter. 

A basic charge-redistribution successive approximation 
architecture converts analog input voltages into digital 
words. Figure 1 shows the operation of a simplified three 
bit charge redistribution A-to-D. Precision laser-trimmed 
scaling resistors at the input divide standard input ranges 
(±10V or±5V for the ADS7800) into levels compatible with 
the CMOS characteristics of the internal capacitor array. 



FIGURE 1. 3-Bit Charge Redistribution A-to-D. 


While in the sampling mode, the capacitor array switch for 
the MSB capacitor (S,) is in position “S”, so that the charge 
on the MSB capacitor is proportional to the voltage level of 
the analog input signal, and the remaining array switches (S 2 
and S 3 ) are set to position “R” to provide an accurate bipolar 
offset from the reference source REF. At the same time, 
switch S c is also in the closed position to auto-zero any 
offset errors in the CMOS comparator. 

When a convert command is received, switch S, is opened 
to trap a charge on the MSB capacitor proportional to the 
input level at the time of the sampling command, switches 
S 2 and S 3 are opened to trap an offset charge, and switch S c 
is opened to float the comparator input. The charge trapped 
on the capacitor array can now be moved between the three 
capacitors in the array by connecting switches S,, S 2 and S 3 
to positions “R” (to connect to REF) or “G” (to connect to 
GND) successively, changing the voltage generated at the 
comparator input node. 

The first approximation connects the MSB capacitor via 
switch S, to REF, while switches S 2 and S 3 are connected 
to GND. Depending on whether the comparator output is 
HIGH or LOW, the logic will then latch S, in position “R” 
or “G”, and moves on to make the next approximation by 
connecting S 2 to REF and S 3 to GND. When the three 
successive approximation steps are made for this simple 
converter, the voltage level at the comparator will be within 
1/2LSB of GND, and the data output word will be based on 
reading the positions of S,, S 2 and S 3 . 
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OPERATION 

BASIC OPERATION 

Figure 2 shows the simple hookup circuit required to operate 
the ADS7800 in a ±10V range in the Convert Mode. A 
convert command arriving on pin 19, R/C, (a pulse taking 
pin 19 LOW for a minimum of 40ns) puts the ADS 7800 in 
the hold mode, and a conversion is started. Pin 21, BUSY, 
will be held LOW during the conversion, and rises only after 
the conversion is completed and the data has been trans- 
ferred to the output latches. Thus, the rising edge of the 
signal on pin 21 can be used to read the dat a from the 
conversion. Also, during conversion, the BUSY signal puts 
the output data lines in Hi-Z states and inhibits input lines. 
This means that pulses on pin 19 are ignored, so that new 



FIGURE 2. Basic ±10V Operation . 


conversions cannot be initiated during a conversion, either 
as a result of spurious signals or to short-cycle the 
ADS7800. 

In the Read Mode, the input to pin 19 is kept normally LOW, 
and a HIGH pulse is used to read data and initiate a 
conversion. In this mode, the rising edge of R/C on pin 19 
will enable the output data pins, and the data from the 
previous conversion becomes valid. The falling edge then 
puts the ADS7800 in a hold mode, and initiates a new 
conversion. 

The ADS7800 will begin acquiring a new sample as soon 
as the conversion is completed, even before the BUSY 
output rises on pin 21, and will track the input signal until 
the next conversion is started, whether in the Convert Mode 
or the Read Mode. 
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For use with an 8-bit bus, the data can be read out in two 
bytes under the control of pin 18, HBE. With a LOW input 
on pin 18, at the end of a conversion, the 8 LSBs of data 
are loaded into the latches on pins 9 through 12 and 14 
through 17. Taking pin 18 HIGH then loads the 4 MSBs on 
pins 14 through 17, with pins 9 through 12 being forced 
LOW. 



FIGURE 3. Acquisition and Conversion Timing. 


SYMBOL 

PARAMETER 

ESI 

E9 

EE3 

UNITS 




80 

150 

ns 

te 

BUSY Low 


2.5 

2.7 

ps 

t AP 

Aperture Delay 


13 


ns 

At AP 

Aperture Jitter 


150 


ps, rms 

t c 

Conversion Time 


2.47 

2.70 

ps 


TABLE I. Acquisition and Conversion Timing. 


ANALOG INPUT RANGES 

The ADS7800 offers two standard bipolar input ranges: 
±10V and ±5V. If a ±10V range is required, the analog input 
signal should be connected to pin 1. A signal requiring a 
±5V range should be connected to pin 2. In either case, the 
other pin of the two must be grounded or connected to the 
adjustment circuits described in the section on calibration. 
(See Figures 4 and 5, or 10 and 11.) 


±10V n 


Input 

ADS7800 

V] 

2 


FIGURE 4. ±10V Range Without Trims. 


CONTROLLING THE ADS7800 

The ADS7800 can be easily interfaced to most microproces- 
sor-based and other digital systems. The microprocessor 
may take full control of each conversion, or the ADS7800 
may operate in a stand-alone mode, controlled only by the 
R/C input. Full control consists of initiating the conversion 
and reading the output data at user command, transmitting 
data either all 12-bits in one parallel word, or in two 8-bit 
bytes. The three control inputs (CS, R/C and HBE) are all 
TTL/CMOS compatible. The functions of the control lines 
are shown in Table II. 


CS 

R/C 

HBE BUSY 

OPERATION 

1 

X 

X 

1 

None - Outputs in Hi-Z State. 

0 

lio 

0 

1 

Holds Signal and Initiates Conversion. 

0 

1 

0 

1 

Output Three-State Buffers Enabled once 
Conversion has Finished. 

0 

1 

1 

1 

Enable Hi-Byte in 8-bit Bus Mode. 

0 

ilo 

1 

1 

Inhibit Start of Conversion. 

0 

0 

1 

1 

None - Outputs in Hi-Z State. 

X 

X 

X 

0 

Conversion in Progress. Outputs Hi-Z 
State. New Conversion Inhibited until 
Present Conversion has Finished. 


TABLE II. Control Line Functions. 


For stand-alone operation, control of the ADS7800 is ac- 
complished by a single control line connected to R/C. In this 
mode, CS and HBE are connected to GND. The output data 
are presented as 12-bit words. The stand-alone mode is used 
in systems containing dedicated input ports which do not 
require full bus interface capability. 

Conversion is initiated by a HIGH-to-LOW transition on 
R/C. The three-state data output buffers are enabled when 
R/C is HIGH and BUSY is HIGH. Thus, there are two 
possible modes of operation: conversion can be initiated 
with either positive or negative pulses. In either case, the 
R/C pulse must remain LOW a minimum of 40ns. 



1 

JT 

ADS7800 

±sv 0 JL 

2 

Input 



FIGURE 5. ±5V Range Without Trims. 
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Figure^ 6 illustrates timing when conversion is initiated by 
an R/C pulse which goes LOW and returns HIGH during the 
conversion. In this case (Convert Mode), the three-state 
outputs go into the Hi-Z state in response to the falling edge 
of R/C, and are enabled for external access of the data after 
completion of the conversion. 


Figure 7 illustrates the timing when conversion is initiated 
by a positive R/C pulse. In this mode (Read Mode), the 
output data from the previous conversion is enabled during 
the HIGH portionof R/C. A new conversion starts on the 
falling edge of R/C, and the three-state outputs return to the 
Hi-Z state until the next occurrence of a HIGH on R/C. 


| SYMBOL 

PARAMETER 

H3DI 

TYP 


UNITS 


R/C Pulse Width 

40 

10 


ns 


BUSY delay from R/C 


80 

150 

ns 


BUSY LOW 


2.5 

2.7 

ps 

1 

Aperture Delay 


13 


ns 

;V:V \ 

Aperture Jitter 


150 


ps, rms 

n 

Conversion Time 


2.47 

2.70 

ps 


BUSY from End of Conversion 


100 


ns 


BUSY Delay after Data Valid 

25 

75 

200 

ns 


Acquisition Time 


130 

300 

ns 


Throughput Time 


2.6 

3.0 

ps 


Valid Data Held After R/C LOW 

20 

50 


ns 


CS or HBE LOW before R/C Falls 

25 

5 


ns 


CS or HBE LOW after R/C Falls 

25 

0 


ns 

H 

Data Valid from CS LOW. R/C HIGH, and HBE in Desired State (Load - lOOpF) 


65 

150 

ns 

■ 

Valid Data Held After R/C Low 

20 

50 


ns 

m 

Delay to Hi-Z State after R/C Falls or CS Rises (3kfl Pullup or Pulldown) 


50 

150 

ns 


TABLE III. Timing Specifications (T MIN to T MAX ). 




R/C ^ 


- u - 

^ / 

, w 

BUSY 

V 

f \ 
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i 

to8E~*1 



Converter * . 

Mode A “ ,ul,e 

“\ 

J 

( Convert ) 

& 




mmmmm 

SI 

l: 

k— toe 

Data _ 4 „ 

BUS DataVa 

jlid y( Hi-Z State )( Data Valid X HI-Z State 


FIGURE 6. Convert Mode: R/C Pulse LOW — Outputs Enabled After Conversion. 



FIGURE 7. Read Mode: R/C Pulse HIGH — Outputs Enabled Only When R/C is High. 
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CONVERSION START 

A conversion is initiated on_the ADS7800 only by a negative 
transition occurring on R/C, as shown in Table I. No other 
combination of states or transitions will initiate a conversion. 
Conversi on is inhibited if either CS or HBE are HIGH, or 
if BUSY is LOW. CS and HBE should be stable a minimum 
of 25ns prior to the transition on R/C.Timing relationships 
for start of conversion are illustrated in Figure 8. 

The BUSY output indicates the current state of the converter 
by being LOW only during conversion. During this time the 
three-state output buffers remain in a Hi-Z state, and 
therefore data cannot be read during conversion. During this 
period, additional transitions on the three digital inputs (CS, 
R/C and HBE) will be ignored, so that conversion cannot 
be prematurely terminated or restarted. 


CS or 
HBE 

R/C 

BUSY 

Data 

Bus 


3 

9 

m 

r ; V ; ; V •; •: •: • • 

i 

m 

9 ! 


3 



1 

1 



mm 


n 

l 


Data Valid 


( Hi-Z State 



— Ihor and tm 


FIGURE 8. Conversion Start Timing. 


INTERNAL CLOCK 

The ADS7800 has an internal clock that is factory trimmed 
to achieve a typical conversion time of 2.47|is, and a 
maximum conversion time over the full operating tempera- 
ture range of 2.7ps. No external adjustments are required, 
and with the guaranteed maximum acquisition time of 
300ns, throughput performance is assured with convert 
pulses as close as 3ps. 


READING DATA 

After conversion is initiated, the output buffers remain in a 
Hi-Z state until the following thre e logic conditions are si- 
multaneously met: R/C is HIGH, BUSY is HIGH and CS 
is LOW. Upon satisfaction of these conditions, the data lines 
are enabled according to the state of HBE. See Figure 9 and 
Table III for timing relationships and specifications. 



FIGURE 9. Read Cycle Timing. 


CALIBRATION 

OPTIONAL EXTERNAL GAIN AND OFFSET TRIM 

Offset and full-scale errors may be trimmed to zero using 
external offset and full-scale trim potentiometers connected 
to the ADS7800 as shown in Figures 10 and 11. 

If adjustment of offset and full scale is not required, con- 
nections as shown in Figures 4 and 5 should be used. 



FIGURE 10. ±10V Range With External Trims. 


External 
Gain Adjust 


Bipolar 

Zero 

Adjust 



FIGURE 1 1. ±5V Range With External Trims. 
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[ INPUT VOLTAGE RANGE AND LSB VALUES j 

Input Voltage Range Defined As: 


±10V 

±5V 

Analog Input Connected to Pin 


1 

2 

Pin Connected to GND 


2 

1 

One Least Significant Bit (LSB) 

FSR/2” 

20V/2 1 * 

10V/2” 



4.88mV 

2.44mV 

OUTPUT TRANSITION VALUES | 

FFEH to FFFH 

+Full Scale 

+10V-3/2LSB 

+5V-3/2LSB 



+9.9927V 

+4. 9963V 

7FFH to 800 H 

Mid Scale 

0V-1/2LSB 

0V-1/2LSB 


(Bipolar Zero) 

-2.44mV 

-1.22mV 

OOOHto 001 H 

—Full Scale 

— 1 0V+1/2LSB 

-5V+1/2LSB 



-9.9976V 

-4.9988V 


TABLE IV. Input Voltages, Transition Values, and LSB Values. 


CALIBRATION PROCEDURE 

First, trim offset, by applying at the input (pin 1 or 2) the 
mid-point transition voltage (-2.44mV for the ±10V range, 
-1.22mV for the ±5V range.) With the ADS7800 convert- 
ing continually, adjust potentiometer R, until the MSB (Dll 
on pin 5) is toggling alternately HIGH and LOW. 

Next adjust full scale, by applying at the input a DC input 
signal that is 3/2LSB below the nominal full scale voltage 
(+9.9927V for the ±10V range, +4.9963V for the ±5V 
range.) With the ADS7800 converting continually, adjust 
R2 until the LSB (DO on pin 17) is toggling HIGH and LOW 
with all of the other bits HIGH. 


LAYOUT CONSIDERATIONS 

Because of the high resolution and linearity of the ADS7800, 
system design problems such as ground path resistance and 
contact resistance become very important. 


ANALOG SIGNAL SOURCE IMPEDANCE 

The input resistance of the ADS7800 is 6.3kQ or 4.2kO (for 
the ±10V and ±5V ranges respectively.) To avoid introduc- 
ing distortion, the source resistance must be very low, or 
constant with signal level. The output impedance provided 
by most op amps is ideal. 

Pins 23 (V SD ) and 24 (V SA ) are not connected internally on 
the ADS7800, to maximize accuracy on the chip. They 
should be connected together as close as possible to the unit. 
Pin 24 may be slightly more sensitive than pin 23 to supply 
variations, but to maintain maximum system accuracy, both 
should be well isolated from digital supplies with wide load 
variations. 

To limit the effects of digital switching elsewhere in a 
system on the analog performance of the system, it often 
makes sense to run a separate +5V supply conductor from 
the supply regulator to any analog components requiring 
+5V, including the ADS7800. 


The V s pins (23 and 24) should be connected 
together and bypassed with a parallel combination of a 
6.8pF Tantalum capacitor and a 0.1 pF ceramic capacitor 
located close to the converter to obtain noise-free operation. 
(See Figure 2.) The -V s pin 22 should be bypassed with a 
lfiF tantalum capacitor, again as close as possible to the 
ADS7800. 

Noise on the power supply lines can degrade converter per- 
formance, especially noise and spikes from a switching 
power supply. Appropriate supplies or filters must be used. 

The GND pins (4 and 13) are also separated internally, and 
should be directly connected to a ground plane under the 
converter if at all possible. A ground plane is usually the best 
solution for preserving dynamic performance and reducing 
noise coupling into sensitive converter circuits. Where any 
compromises must be made, the common return of the 
analog input signal should be referenced to pin 4, AGND, 
on the ADS7800, which prevents any voltage drops that 
might occur in the power supply common returns from 
appearing in series with the input signal. 

Coupling between analog input and digital lines should be 
minimized by careful layout. For instance, if the lines must 
cross, they should do so at right angles. Parallel analog and 
digital lines should be separated from each other by a pattern 
connected to common. 

If external full scale and offset potentiometers are used, the 
potentiometers and related resistors should be located as 
close to the ADS7800 as possible. 


REFERENCE BYPASS 

Pin 3 (REF) should be bypassed with a 22jlF to 47jlF 
tantalum capacitor. A rated working voltage of 2V or more 
is acceptable here. This pin is used to enhance the system 
accuracy of the internal reference circuit, and is not recom- 
mended for driving external signals. If there are important 
system reasons for using the ADS7800 reference externally, 
the output of pin 3 must be appropriately buffered. 


Burr-Brown IC Data Book Supplement, Vol. 33b 


9.1-81 


ADS7800 M INSTRUMENTATION A/D CONVERTERS 




For Immediate Assistance, Contact Your Local Salesperson 


“HOT SOCKET” PRECAUTION 

Two separate +5V V s pins, 23 and 24, are used to minimize 
noise caused by digital transients. If one pin is powered and 
the other is not, the ADS7800 may “Latch Up” and draw 
excessive current. In normal operation, this is not a problem 
because both pins will be soldered together. However, 
during evaluation, incoming inspection, repair, etc., where 
the potential of a “Hot Socket” exists, care should be taken 
to power the ADS7800 only after it has been socketed. 

MINIMIZING “GLITCHES” 

Coupling of external transients into an analog-to-digital 
converter can cause errors which are difficult to debug. In 
addition to the discussions earlier on layout considerations 
for supplies, bypassing and grounding, there are several 
other useful steps that can be taken to get the best analog 
performance out of a system using the ADS7800. These 
potential system problem sources are particularly important 
to consider when developing a new system, and looking for 
the causes of errors in breadboards. 

First, care should be taken to avoid glitches during critical 
times in the sampling and conversion process. Since the 
ADS7800 has an internal sample/hold function, the signal 
that puts it into the hold state (R/C going LOW) is_critical, 
as it would be on any sample/hold amplifier. The R/C falling 
edge should be sharp and have minimal ringing, especially 
during the 20ns after it falls. 


Although not normally required, it is also good practice to 
avoid glitching the ADS7800 while bit decisions are being 
made. Since the above discussion calls for a fast, clean rise 
and fall on R/C, it makes sense to keep the rising edge of 
the convert pulse outside the time when bit decisions are 
being made. In other words, the convert pulse should either 
be short (under 100ns so that it transitions before the MSB 
decision), or relatively long (over 2.75|is to transition after 
the LSB decision). 

Next, although the data outputs are forced into a Hi-Z state 
during conversion, fast bus transients can still be capaci- 
tively coupled into the ADS7800. If the data bus experi- 
ences fast transients during conversion, these transients can 
be a ttenuate d by adding a logic buffer to the data outputs. 
The BUSY output can be used to enable the buffer. 

Naturally, transients on the analog input signal are to be 
avoided, especially at times within ±20ns of R/C going 
LOW, when they may be trapped as part of the charge on 
the capacitor array. This requires careful layout of the circuit 
in front of the ADS7800. 

Finally, in multiplexed systems, the timing on when the 
multiplexer is switched may affect the analog performance 
of the system. In most applications, the multiplexer can be 
switched as soon as R/C goes LOW (with appropriate 
delays), but this may affect the conversion if the switched 
signal shows glitches or significant ringing at the ADS7800 
input. Whenever possible, it is safer to wait until the 
conversion is completed before switching the multiplexer. 
The extremely fast acquisition time and conversion time of 
the ADS7800 make this practical in many applications. 
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12-Bit 900ns 

ANALOG-TO-DIGITAL CONVERTER 


FEATURES APPLICATIONS 

• FAST CONVERSION: 900ns • DIGITAL SIGNAL PROCESSING 

• CAN BE SHORT-CYCLED • HIGH-SPEED DATA ACQUISITION 

• INPUT RANGES: ±5V, ±10V, Oto-IOV SYSTEMS 

• HIGH SIGNAL/NOISE RATIO: 68dB # MEDICAL INSTRUMENTATION 

• LOW IMD: 75dB • ANALYTICAL INSTRUMENTATION 

• PARALLEL AND SERIAL OUTPUT • TEST AND IMAGING SYSTEMS 

• 32-PIN CERAMIC DIP PACKAGE • WAVEFORM ANALYZERS 


DESCRIPTION 

The ADC601 is a high-speed Duolithic™ (two chips) 
successive approximation analog-to-digital converter. 
This unique two-chip design utilizes a bipolar technol- 
ogy with on-chip thin film resistors to preserve analog 
accuracy and a high-speed CMOS chip to perform 
digital logic control. Outstanding linearity, noise, and 
dynamic range are achieved by this converter design. 
The ADC601 has been tested with several sample/hold 
amplifiers and distortion results are documented in this 
data sheet. 

The ADC601 is complete with internal reference, clock, 
and comparator and is packaged in a 32-pin ceramic 
DIP. Conversion time is set at the factory to 900ns. 
Serial and parallel output performance is guaranteed 


with no missing codes over the full input voltage, 
power supply, and operating temperature range. The 
gain and offset errors are laser trimmed to specifica- 
tion. Optionally they may be externally adjusted to 
zero. 

Internal scaling resistors are provided for the selection 
of analog signal input ranges of ±5V, ±10V and 0V to 
-10V. The ADC601 ’s input is specifically designed to 
be easily driven with minimal disturbance to the driv- 
ing amplifier. 

Output codes are available in complementary binary 
for unipolar inputs and bipolar offset binary for bipolar 
inputs. 

All digital inputs and outputs are TTL-compatible. 
Power supply requirements are ±15V and +5V. 



Convert 

Command 

Parallel 

Digital 

Output 

Clock Rate Control 
Clock Out 
Status 
Serial Out 


Duolithic™ Burr-Brown Corporation 
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SPECIFICATIONS 


ELECTRICAL 

T case = +25°C, 900ns conversion time, ±V CC = ±15V, +V D0 = +5V, and 6-minute warm-up in a normal convection environment unless otherwise noted. 





ADC601KG 


PARAMETER 

CONDITIONS 

MM 

Bffli 



KSM 


UNITS 

RESOLUTION 


_ 


[12 



• 

Bits 

ANALOG CHARACTERISTICS | 

INPUTS 









Voltage Ranges: Bipolar 

Full Scale(FSR)*”' 2 ’ 


±5, ±10 



* 


V 

Unipolar 

Full Scale(FSR)* 1 ’* 2 ’ 


0 to -1 0 



* 


V 

Impedance: -1 OV to OV, ±5V 



1.4 



* 


kn 

±10V 



2.4 



* 


k a 

TRANSFER CHARACTERISTICS | 

ACCURACY 









Gain Error* 3 ’ 

990ns Conversion Time 


±0.08 

±0.55 


* 

±0.2 

% 

Input Offset Error* 3 ’: Unipolar 

990ns Conversion Time 


±0.12 

±1.2 


* 

±0.5 

% of FSR 

Bipolar 

990ns Conversion Time 


±0.08 

±0.8 


* 

±0.25 

% of FSR 

Integral Linearity Error 

990ns Conversion Time 



±0.024 



±0.012 

% of FSR 

Differential Linearity Error 

990ns Conversion Time 



±0.024 



±0.012 

% of FSR 

No Missing Codes 




Guars 

nteed 




Power Supply Rejection of Offset and Gain 

A +V CC = ±5% 


±0.0036 



* 


%FSR/%V CC 


A-V cc =±5% 


±0.0005 



* 


%fsr;%v cc 


A +V 0D = ±5% 


±0.001 




* 

%FSR/%V 00 

DIGITAL CHARACTERISTICS | 

INPUT 









Logic Family 



TTL-Compatible CMOS 




Convert Command Logic Voltages 

Logic Low 

0 


+0.8 

* 


* 

V 


Logic High 

+2 


+v DD 

* 


* 

V 

Convert Command Currents 

Logic Low 



-150 




pA 


Logic High 



-150 




pA 

Convert Command 



High 

Level Wf 

len Conv 

erting 



CONVERSION TIME 









Factory Set 

Without User Adjustment 


0.9 

1 


* 

* 

ps 

Power Supply Rejection of Conversion Time 

D +V D0 = ±5% 


±1 



* 


ns/%V D0 

OUTPUT 









Logic Family 



TTL- 

Compatit 

le CMOS 




Bits 1 through 12, Serial, Status, Clock Out 

Logic Low, 1^ = 3.2mA 


+0.1 

+0.4 


* 

* 

V 


Logic High, l 0H = -1 mA 

+2.7 

+4.9 


* 

* 

* 

V 

Internal Clock Frequency 



13 



* 


MHz 

Status 


' 

Low Level When Data Valid 

i i l 



| DYNAMIC CHARACTERISTICS <4,(5)W Tested using Sample/Hold Amplifier SHC804 and ADC601 (See Typical Performance Curves) 

1 

Differential Linearity Error 

f c = 1 0kHz: 68.3% of All Codes 


0.5 



0.4 


LSB 


99.7% of All Codes 


0.8 



0.6 


LSB 


100% of All Codes 


1.0 



0.7 


LSB 

Total Harmonic Distortion 

f c = 10kHz, f s = 500kHz 


-70 



* 


dBc 


f c = 10kHz, f s = 1MHz 


-74 



* 


dBc 


f c = 100kHz, f s = 500kHz 


-72 



* 


dBc 


f c = 250kHz, f s = 500kHz 


-70 



* 


dBc 


f c = 500kHz, f s = 1MHz 


-68 



* 


dBc 

Two-Tone Intermodulation Distortion* 7 ’ 

f c = 1 1 kHz and 1 5kHz, f s = 500kHz 


-79 



* 


dBc 


f c = 50kHz and 55kHz, f s = 500kHz 


-78 



* 


dBc 


f c = 90kHz and 110kHz, f s = 500kHz 


-77 



* 


dBc 

Signal-to-Noise and Distortion 

f c = 100kHz, f s = 500kHz 


67 



* 


dB 

(SINAD) Ratio 

f c = 250kHz, f s = 500kHz 


66 



* 


dB 


f c = 500kHz, f s = 1 MHz 


65 



* 


dB 

Signal-to-Noise Ratio (SNR) 

f c = 100kHz, f s = 500kHz 


69 



* 


dB 


f c = 250kHz, f s = 500kHz 


68 



* 


dB 


f c = 500kHz, f s = 1MHz 


67 



* 


dB 

| PERFORMANCE OVER TEMPERATURE | 

Gain 



±10 

±30 


* 

* 

ppm of FSR/°C 

Input Offset: Unipolar 



±2 

±7 


* 

* 

ppm of FSR/°C 

Bipolar 



±3 

±10 


* 

* 

ppm of FSR/°C 

Internal Linearity Error 

0.9jis Conversion Time T MIN to T MAX 


±0.02 



±0.015 


% of FSR 

Differential Linearity Error 

0.9ps Conversion Time T MIN to T^ 


±0.02 



±0.015 


% of FSR 

No Missing Codes 

0.9(is Conversion Time T MIN to T^. 



Guaranteed 




Conversion Drift 



2 



* 


ns/°C 
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SPECIFICATIONS (cont) 


ELECTRICAL 

Tcase a +25°C, 900ns conversion time, ±V CC = ±15V. +V D0 = +5V, and 6-minute warm-up in a normal convection environment unless otherwise noted. 




ADC 601 JG 

ADC601KG 


PARAMETER 

CONDITIONS 


HiTM 

HTETM 


HTTM 

HTflH 

UNITS 

| POWER SUPPLY REQUIREMENTS | 

Supply Voltages: +V CC 


+14.25 

+15 

+15.75 

* 



V 

-V cc 


-14.25 

-15 

-15.75 

* 



V 

+V DO 


+4.75 

+5 

+5.25 

* 



V 

Supply Currents: +l cc 



5.4 

7.0 




mA 

-Ice 



-65 

-84.5 




mA 

+, 00 



53 

68.9 




mA 

Power Consumption 

Nominal ±V CC and +V DD 


1.3 

1.7 




W 

Thermal Resistance, 0 JC 



25 





°C/W 

TEMPERATURE RANGE"* | 

Specification 


0 






°C 

Operating 


-25 






°c 


* Same specifications as for ADC601 JG. 

NOTES: (1) Over or under range on the analog input results in constant maximum or minimum digital output. (2) FSR = Full Scale Range. (3) Adjustable to zero. 
(4) Dynamic tests are performed using SHC804 with ADC601 unless otherwise specified. Performance may vary depending upon choice of sample/hold. (5) See 
Typical Performance Curves. (6) dBc « level referred to carrier input signal « OdB; f c » input frequency; f a » sampling frequency. (7) IMD is referred to the larger of 
the two input test signals. If referred to the peak envelope signal (»0dB), the intermodulation products will be 6dB lower. For example, unit connected for ±1 OV has 20V 
FSR. (8) Temperature ranges refer to case temperature. Thermal resistance was measured on a small (5" diameter) handwlred circuit board; with the test device in 
a (zero insertion force) socket. Thermal resistance will be lower if the ADC601 is soldered into the PC board, a ground plane is used directly underneath the package, 
multiple PC board layers are used, or forced air cooling is employed. Use heat sinking if necessary to keep the case at specified and operating temperatures. 


MECHANICAL 


H Package — 32-Pln Hermetic DIP 




Em 

—HiMI 

HI 

MM 

E33 

ISlffl 

CEEM 

EH 

HJEftl 


1EIE1 

EIKU 

EH 

HEM 

ieth 

¥&$ 

EM 

H*H 

WWW 

rai 

1TT1 

HEM 

1 EH 

hum 

T5H 

El 

EHM 

hh 

HEBESSHI 

HT fi'i IE 

\mm 

KESEMM 


mm 



na 

KEM 

HH 

HUM 

EEl 

EEl 

EM 

EH 


wm 

ran 

ESM 

EH 


Ml 


EEl 

EH 

HUM 

Ml 


SUM 



NOTE: Leads in 
true position within 
0.01 " (0.25mm) R 
at MMC at seating 
plane. Pin 
numbers shown for 
reference only. 
Numbers may not 
be marked on 


The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes 
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change 
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant 
any BURR-BROWN product for use in life support devices and/or systems. 
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PIN CONFIGURATION 


(MSB) Bit 1 
Bit 2 
Bit 3 
Bit 4 
Bit 5 
Bit 6 

+V DD (+5V) Digital 
Common (Digital) 
Serial Out 
Status 
Bit 7 
Bit 8 
Bit 9 
Bit 10 
Bit 11 
Bit 12 



Common (Analog) 
NC (1) 

-V cc H5V) Analog 
Bipolar Offset Current 
Common (Analog) 
Ground Sense 
Comparator Input 
10V Input 
20V Input 

-V cc (-15V) Analog 
+V DD (+5V) Digital (2) 
Common (Digital) 
+V CC (+15V) Analog 
Clock Rate Control 
Convert Command 
Clock Out 


(1) NC = No internal connection. Any voltage may be connected to pin 31, however. 

(2) Pin 22 must be very cleanly decoupled to keep digital noise out of the analog circuits. 


PIN DEFINITIONS 


PIN NUMBER 

DESIGNATION 

DESCRIPTION 

1-6 and 11-16 

Bit 1 to Bit 12 

12-bit parallel output data capable of sinking 3.2mA. 

9 

Serial Out 

12-bit serial data output synchronized with the negative edge of each appropriate clock cycle. 

10 

Status 

Conversion status strobe is high during data conversion; low when parallel data is valid. Negative edge may 
be used to latch parallel data, however, appropriate latch set-up time must be provided. Refer to t B3L in the 
ADC601 timing diagram. 

17 

Clock Out 

Negative edge indicates when serial data is valid. After convert command goes Jiigh, fist cycle clocks bit 1 
(MSB). The clock continues to run when convert command is high and resets low with convert command. 

18 

Convert Command 

High transition starts conversion; and should remain high during conversion. Low will reset clock and SAR 
logic. 

Maybe used to increase clock speed , by increasing the positive portion of the clock. High is normal operation. 

19 

Clock Rate Control 

24 

20V Input 

20V input range allows ±1 OVp-p analog input signal. Short to ground when not used. 

25 

10V Input 

1 0V input range allows 0 to -1 OVp-p or ±5Vp-p input range. 

26 

Comparator In 

Only used in bipolar mode when it is connected to bipolar offset pin through short lead with low resistance. 

27 

Ground Sense 

Ground Sense pin. (See text for use). 

29 

Bipolar Offset Current 

Bipolar offset current short to comparator In through very short lead with very low resistance for bipolar 
operation. Short to ground for unipolar operation. 


ABSOLUTE MAXIMUM RATINGS 



±1 8 V 

+V D0 

+7 V 

Digital Inputs 

+5.5V 

Analog Inputs 

±v cc 

Comparator Input 

-3.7V to +0.7 V 

Case Temperature 

+125°C 

Junction Temperature 

+165°C 

Stnrana Tamnaratnre 

m 4-iRn o r. 

Stresses above these ratings may permanently damage the device. 


ORDERING INFORMATION 


Basic Model Number 

Performance Grade Code 

J, K: 0°C to +70°C Case Temperature 

Package Code 

G: Ceramic DIP 


ADC601 


Y 


G 
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TYPICAL PERFORMANCE CURVES 

±V CC = ±15V t +V 0D = +5V, 15-minute warmup, and T c = +25°C, unless otherwise noted. All dynamic performance curves are 4096-point FFTs. 

TOTAL HARMONIC DISTORTION TWO-TONE INTERMODULATION 



Frequency (kHz) Frequency (kHz) 


0 

-20 

-40 

-60 

-00 

-100 

-120 


TOTAL HARMONIC DISTORTION 
f s = 500kHz, f c = 10kHz — USING ADC601 AND SHC804 


TWO-TONE INTERMODULATION 
USING ADC601 AND SHC804 



0 62.5 125 187.5 250 


0 50 100 150 200 250 


Frequency (kHz) 


Frequency (kHz) 


TOTAL HARMONIC DISTORTION TWO-TONE INTERMODULATION 

f s = 500kHz, f c = 10kHz — USING ADC601 AND SHC5320 USING ADC601 AND SHC804 



0 62.5 125 187.5 250 0 50 100 150 200 250 

Frequency (kHz) Frequency (kHz) 
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TYPICAL PERFORMANCE CURVES (cont) 

±V CC = ±15V, +V D0 = +5V, R s = 50Q, 15-minute warmup, and T c = +25°C, unless otherwise noted. 


DIFFERENTIAL NONLINEARITY 

HISTOGRAM <1 Hz RAMP INTEGRAL NONLINEARITY HISTOGRAM <1 Hz RAMP 



Codes Codes 


CONVERSION TIME 
vs CLOCK RATE CONTROL VOLTAGE 



Conversion Time (ps) 


THEORY OF OPERATION 

The ADC601 is a successive approximation analog-to- 
digital converter as shown on the front page of this product 
data sheet. A common problem with other successive ap- 
proximation A/D converters is input current transients caused 
by the D/A converter’s switching. This requires a fast- 
settling amplifier to drive the input and to provide a low 
source impedance at high frequency. 

To minimize this problem, the ADC601 ’s comparator is con- 
nected in a differential mode, greatly reducing the input 
transients. In addition, the input voltage scaling resistors 
reduce the voltage that is applied to the + input of the 
comparator. For best performance, a fast settling wideband 
sample/hold amplifier such as Burr-Brown’s SHC804 is still 
recommended to drive the ADC601. The small signal set- 
tling time of this amplifier should be less than 100ns if 
sampling rates approach 1MHz. 

The accuracy of a successive approximation analog-to- 
digital converter is described by the transfer function shown 
in Figure 1. All successive approximation A/D converters 



FIGURE 1. Input vs Ouput for an Ideal Bipolar A/D 
Converter. 
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have an inherent quantization error of ±1/2LSB. The remain- 
ing errors in the A/D converter are combinations of analog 
errors due to the linear circuitry matching and tracking 
properties of the ladder and scaling networks, power supply 
rejection, reference errors and the dynamic errors of the DAC 
and comparator. Initial gain and offset errors may be adjusted 
to zero, gain drift over temperature rotates the transfer 
function (Figure 1 ) about the zero point, and offset drift shifts 
the transfer function left or right over the operating tempera- 
ture range. Linearity error is not adjustable, but it is the most 
meaningful indicator of A/D converter accuracy. Integral 
linearity error is the deviation of an actual bit transition from 
the best fit straight line transfer function of the A/D con- 
verter. A differential linearity error of ±1/2LSB means that 
the width of each bit step over the range of the A/D converter 
is 1LSB, ±1/2 LSB. The ADC601 is guaranteed to have no 
missing codes over its specified temperature range. 

ACCURACY VS CONVERSION TIME 

In successive approximation A/D converters, the conversion 
time affects integral and differential linearity error. Conver- 
sion time effects on linearity and differential linearity error 
for the ADC601 are shown in the Typical Performance 
Curves. 


Each pair of these pins must be connected together exter- 
nally. The connection between the digital supply pins and the 
connection between the digital common pins must be as short 
as possible. The analog and digital commons are not con- 
nected together internally in the ADC601. 

Connecting all commons to a ground plane close to the 
ADC601 is the best method to minimize noise and dissipate 
heat as shown in Figure 3. 

GROUND SENSE 

A special analog ground called “ground sense” (shown in 
Figure 3) has been provided to eliminate the voltage drop 
that would otherwise be in the ground return of the internal 
R-2R ladder. Measuring the input signal with respect to the 
sense terminal (pin 27) makes the measurement independent 
of the connection impedance between the sense terminal and 
the analog common, pin 28. This sense pin must be con- 
nected to analog common as close to the input signal source 
as possible or connected to the ground plane. Low impedance 
analog and digital common returns are essential for low noise 
performance. To minimize coupling between analog and 
digital circuits on a layout, special attention should be taken 
to ensure that the clock noise on the +5V supply line does not 
couple into the analog inputs. 


INSTALLATION AND 
OPERATING INSTRUCTIONS 

BASIC CONNECTION 

The basic connection for the ADC601 is shown in Figure 2. 
It is shown connected for ±5V bipolar input operation. Refer 
to Table I for other connections. 

INTERFACING 

Because the ADC601 is a high-speed converter, it must be 
driven from an amplifier source that has low impedance at 
high frequency. The SHC803, SHC804, and SHC5320 are 
specifically designed to give accurate, stable results. At the 
ADC601 output, the digital lines should be buffered by a 
latch such as the 74LS574. These three-state drivers can then 
connect directly to the data bus. 


GROUND LOOPS 

Figure 4 illustrates the interaction that occurs between the 
analog and digital grounds when an ADC is connected into 
a test circuit. This interaction is created by ground loops. The 
circuit shows how ground loops are created when the ADC 
tester combines digital and analog portions of the circuit 
together. In this case, the loop is between the analog test 
signal generator and the digital circuitry that detects the ADC 
code. Here the digital ground connection between the ADC 
and the tester is in parallel with the analog grounds. Some of 
the digital current is diverted into the analog signal return, 
which creates a code-dependent error signal due to the resis- 
tance in the analog signal return. This error distorts the 
linearity measurement and induces hysteresis. It can be 
substantially reduced if the analog and digital ground effects 
are isolated from each other in the ADC tester. The best 
method is to use a low resistance, low inductance ground 
plane. 


LAYOUT PRECAUTIONS 

The ADC601 is a high-speed analog-to-digital converter that 
requires more attention to circuit board layout than general 
purpose, lower speed A/D converters. 

The wideband ADC601 comparator input (pin 26) is very 
sensitive to noise. Any connection to this point should be as 
short as possible and shielded by analog common or±15 VDC 
supply patterns. The clock output (pin 1 7) is sensitive to stray 
capacitance, and capacitance on this pin could alter the clock 
wave shape. 

The ADC601 has two pins for analog common, two pins for 
digital common, and two pins for each power supply input. 


POWER SUPPLY DECOUPLING 

Each power supply pin should be bypassed with a lpF or 
150|iF tantalum capacitor as shown in Figure 2. These ca- 
pacitors should be located close to the ADC. Ceramic 0.01|lF 
bypass capacitors have been provided internally for more ef- 
fective bypassing and need not be added externally. 

ADDITIONAL DECOUPLING 

A lOOpF capacitor may be placed on Clock Rate Adjust (pin 
19) to ground in order to reduce noise on the clock. Up to 
30pF may be placed on Comparator In (pin 26) without 
degrading conversion accuracy at Nyquist frequencies. 
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+5 +15 -15 

VDC VDC VDC 



(1) In the circuit shown above, the rising edge of the external Convert Pulse initiates the Hold mode of the SHC804. Assuming a user-provided convert pulse 
with a 50% duty cycle, the 74LS123 one-shot provides a short pulse for the convert command (pin 18) on the ADC601 . The actual one-shot time chosen, by 
setting the R-C on the one-shot, should be just long enough to allow for adequate track-to-hold settling time. For best I.L performance, it is recommended that 
the one-shot time be less than 400ns, but at least 50ns. 


FIGURE 2. Basic Connection Diagram in Bipolar Operation and Dynamic Test Circuit. 



FIGURE 3. Analog and Digital Grounds, and Analog Input Sense. 
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FIGURE 4. Ground Loop Interaction Between Analog and Digital Grounds when ADC Is Connected. 


POWER SUPPLY SENSITIVITY 

Changes in the DC power supply voltages will affect accu- 
racy. Normally, regulated power supplies with 1% or less 
ripple are recommended for use with this ADC. Power 
supply decoupling, shown in Figure 2, helps to keep ripple 
low. Switching power supplies should be used with caution. 
EMI/RFI filters such as BNX002 made by Murata/Erie 
Company, Canada give good results with switching supplies. 

INPUT RANGE SCALING 

The analog input can be scaled to an appropriate input signal 
range by proper pin connections to the A/D converter. 
Connect input signals as shown in Table I. 


Input 

Signal 

Range 

Output 

Code 

Connect 
Pin 29 

To 

Connect 

Gain 

Adjust 

Connect 

Pin 24 

To 

Connect 

Pin 25 

To 

±10V 

BOB 

or 

BTC* 

26 

Yes 

40Q resistor in 
series with 
input signal 

Gain Adjust 
Potentiometer 

Ho 

input Signal 

Analog 

Common 

±5V 

BOB 

or 

BTC* 

26 

Yes 

Gain Adjust 
Potentiometer 

1 0il resistor In 
series with 
input signal 

No 

Analog 

Common 

Input Signal 

0 to -10V 

CSB 

Analog 

Common 

Yes 

Gain Adjust 
Potentiometer 

1012 resistor in 
series with 
input signal 


* Obtained by inverting MSB (pin 1) externally. 

TABLE I. ADC601 Input Scaling Connections. 


INPUT IMPEDANCE 

If external gain adjust is not used, the source impedance 
driving the ADC601 should be low (such as the output of an 
op amp) to avoid gain errors due to the relatively low input 
impedance of the ADC601. 

If the source impedance is not low, a buffer amplifier can be 
added between the input signal and the ADC601 inputs. 


BIPOLAR OFFSET CURRENT 

The bipolar offset current provided in the ADC601 on pin 29 
is for use only in bipolar operation where pins 26 and 29 are 
connected together. Pin 29 should be grounded for unipolar 
operation. To prevent noise interference, this output should | 
not be used for any other purpose; make no other connection 
to pin 29. 


OUTPUT DRIVE 

All ADC601 data outputs will drive two standard TTL loads 
or 10 low-power Schottky TTL loads. If long digital lines 
must be driven, external logic buffers are required. The clock 
output is sensitive to capacitive loading and should be 
buffered if high capacitive loads are being driven. 

PARALLEL AND SERIAL OUTPUT 

Parallel and serial output may be used simultaneously, 
however proper buffering is essential. This will avoid exces- 
sive loading which can interfere with proper operation. 
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POWER DISSIPATION 

The ADC601 dissipates approximately 1.3W. The package 
has a junction-to-case thermal resistance (0 JC ) of 25°C/W 
and a case-to-ambient thermal resistance ( d CA ) of 22°C/W in 
a normal convection environment. For operation above 
+85°C a heat sink is recommended. This should contact the 
bottom of the ADC601 for best results. See electrical 
specification table notes. 

OPTIONAL EXTERNAL GAIN 
AND OFFSET ADJUSTMENTS 

Gain and offset errors may be trimmed to zero using external 
trim potentiometers as shown in Figures 5, 6, and 7. For 
sufficient adjustment range, a series resistor must be con- 
nected to the analog input pin as specified in Table I. 
Multitum potentiometers with 100ppm/°C temperature coef- 
ficient are recommended for minimum drift. All fixed resis- 
tors should be ±1% metal film. If the Offset adjust is not 
used, pin 26 should be left open except for bipolar operation 
when it is connected to pin 29. If Gain adjust is not used, the 
unused input (pin 24 or 25) must be grounded to meet 
specified gain accuracy. 

Adjustment Procedure 

Refer to Table II for LSB voltages and transition values. 

For unipolar offset, connect the offset potentiometer and re- 
sistors as shown in Figure 5. Sweep the input through the end 
point transition voltage, from 1 1 1 ... 1 10 to 1 1 1 ... 1 1 1 . Adjust 
the offset potentiometer until the actual end point transition 
voltage occurs at -1/2LSB. 

For bipolar offset, connect the offset potentiometer and resis- 
tors as shown in Figure 5. Sweep the input through zero and 
adjust the offset potentiometer until the transition from 0111 
1 1 1 1 1 1 1 to 1000 0000 0000 occurs at -1/2LSB. 

For gain, connect the gain potentiometer as shown in Figure 
6. Sweep the input through the end point transition voltage, 
which should cause an output transition from 000. . .000. . . to 
000. . .001. Adjust the gain potentiometer until this transition 
occurs at the correct end point transition voltage as given in 
Table II. 

OPTIONAL CLOCK RATE CONTROL 

The clock is factory-set for a conversion time between 800ns 
and 900ns. By use of the optional clock rate control shown 
in Figure 7, the 12-bit conversion time can be typically 
adjusted down to 700ns. It can also be used, if desired, to get 
slightly higher speed or to assure maximum conversion time 
at elevated temperature. If the clock rate control is not used, 
Pin 19 should be left open or bypassed with lOOpF capacitor. 
Conversion time versus clock rate control voltage is shown 
in the Typical Performance Curves. 

More positive voltage on clock rate control increases speed 
of conversion. Voltage of less than IV may cause the clock 
to stop. 


Analog Input 
Voltage Range 

±10V 

±5V 

0 to -10V 

Code 

BOB<’> 

BOB 


Designation 

One Least 

or BTC«> 

or BTC 

CSB< 8 > 

Significant 

Bit (LSB) 

Transition 

Values 

MSB LSB<‘> 

4.88mV 

2.44mV 

2.44mV 

000...000 

000...001 

-10V+1/2LSB 

-5V + 1/2LSB 

-10V +3/2LSB 

011. . .111 

100.. .000 

— 1/2LSB 

-1/2LSB 

-5V + 1/2LSB 

111...110 

111...111 

+10V-3/2LSB 

+5V -3/2LSB 

-1/2LSB 


NOTES: (1 ) BOB = Bipolar Offset Binary. (2) BTC ■ Binary Two's Complement 
(obtained by inverting the most significant bit (pin 1 ). (3) CSB Complementary 
Straight Binary. (4) Voltages given are the nominal value for the transition from 
the next lower code. 

TABLE II. Input Voltages, Transition Values, LSB Values, 
and Code Definitions. 


+15VDC 


Bipolar ^ Unipolar 

1 oka to 50k 

lOOkft 

,aaa 

; Only ” Only : 

Offset Adjust :> 

-15VDC 


Comparator 

In 


FIGURE 5. Optional Offset Adjust. 


(a) 


(b) 



4on 

vw 


1000 Gain Adjust 

-i — W- 


10C 

WSA 


2000 Gain Adjust 

T VW“ 


- 24 
20 V In 

- 25 
10V In 


- 25 
10V In 

“ 24 
20V In 


FIGURE 6. Optional Gain Adjust: (a) HOVBipolar 

Operation, (b) ±15V Bipolar or 0 to -10V 
Unipolar Operation 
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EXTERNAL SHORT CYCLE 

The ADC601 may be short-cycled for fewer bits of resolu- 
tion at faster conversion speeds. The short cycle circuit 
(Figure 8) works by having the 74LS165 shift register count 
the clock pulses out of the ADC which correspond to the 
ADC bit becoming valid. The shift register will output a 
negative going pulse when the programmed 74LS165 input 
is shifted to the serial output Q-not. The negative pulse then 
resets the R-S flip/flop to a low and brings convert comand 
low, thus stopping the ADC conversion. At the time the ADC 
stops converting, status goes low which initiates a parallel 
load to the shift register, thus programming it for the next 
conversion. The R-S flip/flop made from the 74LS00 nand 
gates and the other 2 nand gates act as gating for the reset 
pulse from the shift register. For short-cycling from 9 to 1 1 
bits, cascade two 74LS165s together. 

The 74LS165 shift register is programmed on inputs A-G to 
short cycle the ADC601 on a given bit. For the circuit shown, 
input A will short cycle the ADC on bit 7, input B on bit 6, 
etc to input G short cycling on bit 1. All shift register inputs 
should be tied to GND except the input corresponding to the 
desired short-cycle bit, which should be tied high. To disable 
short cycling completely, tie all shift register inputs to 
ground. 

TIMING CONSIDERATIONS 

The timing diagram (Figure 9) shows the relationship be- 
tween the convert command, clock and outputs. The digital 
output word uses positive logic for bipolar operation and 
complementary logic for unipolar operation. 

The following are some important points to consider on the 
ADC601 timing. The times given are typical unless other- 
wise noted. Nominal maximum and minimum times are also 
given in Figure 9. 


1. When power is first applied, the status of the ADC601 
will be undetermined. A convert command must be ap- 
plied to initialize the ADC601. 

2. The convert command must be low at least 50ns prior to 
the rising edge that starts a conversion. 

3. The clock runs continuously when the initial convert 
command goes high and whenever the convert command 
is high thereafter. It does not run when convert command 
is low. 

4. The clock is started by a rising transition of the convert 
command. 

5. Parallel Output Data: The successive approximation reg- 
ister (S AR) is reset after the leading edge of the first clock 
period in the conversion cycle. The MSB is set to logic 
“0” and all other bits are set to logic “1”. The bits are 
determined in succession starting with the MSB, Bit 1, as 
shown in Figure 9. Each bit will be valid after its corre- 
sponding clock pulse. 

In most applications the rising edge of the Convert 
Command may be used to strobe parallel data out of the 
ADC601 directly. It is recommended that all outputs are 
buffered if large capacitive loads are being driven. 

6. Status goes high after the rising edge of the first clock 
pulse and goes low after all 12 bits are valid. 

7. Bit 12 will become valid before status goes low; a new 
conversion may be initiated anytime after the output data 
has been read. 

8. The converter may be restarted during a conversion. If a 
convert command is held at zero for a minimum of 50ns, 
the SAR will be reset and a new conversion will start on 
the next rising transition regardless of the state of the con- 
verter prior to the convert commands being received. 

Figures 10, 1 1, and 12 are digital oscilloscope displays of the 

actual pulse shapes and relationships. 



FIGURE 8. External Short Cycle Circuit. 
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SYMBOL 

PARAMETER 

MINIMUM 

TYPICAL 

MAXIMUM 

UNITS 

t CP 

^CPH 

Clock Period 


100 


ns 

Clock Pulse High 


60 


ns 

*CPL 

^CONV 

Clock Pulse Low 


40 


ns 

Conversion Time 


850 

1ns 

ns 

t sc 

Serial to Clock Out Delay 

0 


5.5 

ns 

^S8H 

Start to Status High Delay 



13.0 

ns 

^BBL 

Data Valid to Status Low Delay 

0 


3.0 

ns 

Preset 

Convert Command Low 

50 


400 

ns 


CC to First Clock Pulse 



24 

ns 


NOTE: Logic timing limits: T A = +25°C and +125°C, unless otherwise specified 


FIGURE 9. ADC601 Logic Timing Diagram. 



FIGURE 11. (a) Clock, (b) Serial Out. 


DIGITAL CODES 
Parallel Data 

Two binary codes are available on the ADC601 parallel 
output; straight binary (logic “0” true) for unipolar input 
signal ranges and bipolar offset binary (logic “1” true) for 
bipolar input signal ranges. Binary two’s complement may 
be obtained for bipolar input ranges by inverting the MSB. 
It should be noted that for unipolar input ranges -10V is full 
scale. 


Serial Data (NRZ) 

ADC601 serial data operation is guaranteed to match the 
parallel data. If an optoisolator is used to eliminate ground 
connections, buffer the output with an appropriate TTL line 
driver. It is recommended that all outputs be buffered if large 
capacitive loads are being driven. 


Table II shows the LSB, transition values, and code defini- 
tions for each possible analog signal range. 
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(a) 


(b) 


Time (2ns/div) 


FIGURE 12. (a) Status, (b) Bit- 12 Data. 

TESTING OF THE ADC601 

Careful test fixture design is required to accurately test the 
ADC601. Proper grounding, correct routing of analog and 
digital signals and power supply bypassing are crucial in 
achieving successful results. High-frequency layout tech- 
niques and copper ground planes are recommended. 

ANALOG-TO-DIGITAL 
CONVERTER TEST TECHNIQUE 

A very effective way of determining the DC performance of 
an ADC is by using the “servo loop method.” A block 
diagram of this technique is shown in Figure 13. This meas- 
urement system automatically locates the analog voltage that 
causes the digital output to alternate between the desired 
code and the adjacent code. A computer is programmed to 
place the desired code on the I/O bus which is one input to 
the digital comparator. The other input to this comparator is 
the digital output of the ADC. Depending upon the results of 
this comparison, the integrator is directed to change its 
output until an equilibrium state is achieved, in where the 
comparator and the ADC digital words are equal. Once in 
equilibrium, the DVM measures the analog input to the ADC 
and transmits the information to the computer via an IEEE- 
488 bus. The test program checks all the desired code com- 
binations, verifying the performance of the ADC. Test time 
will range from 10 seconds to several minutes depending on 
the speed of the test program, settling time of the DVM, and 
number of codes to be checked. 

DYNAMIC PERFORMANCE TESTING 

The ADC601 is a very high performance converter and 
careful attention to test techniques is necessary to achieve 
accurate results. Spectral analysis by application of a fast 
Fourier transform (FFT) to the ADC digital output will 
provide data on all important dynamic performance parame- 
ters: total harmonic distortion (THD), signal-to-noise ratio 



Burr-Brown 1C Data Book Supplement, Vol. 33b 


1-800-548-6132 (USA Only) 


(SNR) or the more severe signal-to-noise-and- 
distortion ratio (SIN AD), and intermodulation Distortion 
(IMD). 

A typical test setup for performing high-speed FFT testing of 
analog-to-digital converters is shown in Figure 14. Highly 
accurate phase-locked signal sources allow high resolution 
FFT measurements to be made without using window func- 
tions. By choosing appropriate signal frequences and sample 
rates, an integral number of signal frequency periods can be 
sampled. As no spectral leakage results, a “rectangular” 
window (no window function) can be used. This was used to 
generate the typical FFT performance curves shown in the 
Typical Performance Curves. 

If generators cannot be phase-locked and set to extreme 
accuracy, a very low side-lobe window must be applied to 
the digital data before executing an FFT. A commonly used 
window such as the Hanning window is not appropriate for 
testing high performance converters; a minimum four-sample 
Blackman-Harris window is strongly recommended/ 0 To 
assure that the majority of codes are exercised in the 
ADC601 (12 bits), a 4096-point FFT is taken. If the data 
storage RAM is limited, a smaller FFT may be taken if a 
sufficient number of samples are averaged (ie, a 10-sample 
average of 512-point FFTs). 

IMD two- tone testing shown in Figure 15 is referenced (3) to 
the larger of the test signals f t or f 2 . Five “bins” either side 
of peak are used for calculation of fundamental and har- 
monic power. The “0” frequency bin (DC) is not included 
in these calculations as it is of little importance in dynamic 
signal processing applications. 


Dynamic Performance Definitions 

1. Signal-to-Noise-and-Distortion (2) Ratio (SINAD): 


10 log 


Sinewave Signal Power 


Noise + Harmonic Power (first nine harmonics) 


2. Signal-to-Noise Ratio (SNR): 

Sinewave Signal Power 


10 log - 


Noise Power 


3. Total Harmonic Distortion (THD): 


10 log 


Harmonic Power (first nine harmonics) 


Sinewave Signal Power 


4. Intermodulation Distortion (IMD): 

IMD Product Power (RMS sum; to fifth order) 


10 log - 


Sinewave Signal Power 


5. Spurious-Free Dynamic Range (SFDR): 


10 log 


Sinewave Signal Power 
Largest Power Product 
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FIGURE 14. Block Diagram of FFT Test for THD, SNR, and SINAD. 



HP3325A 

Frequency 

Synthesizer 

0 Phase-Locked 

HP3325A 
— ► Frequency 

Synthesizer 


HP3325A 

Frequency 

Synthesizer 


[-] +2.8V 

— 1 Lj +0.2V 


Convert 

Command 



FIGURE 15. Block Diagram of FFT Test for Two-Tone IMD. 


MAJOR POINTS TO CONSIDER 

Attention to test set up details can prevent errors that contrib- 
ute to poor test results. Important points to remember when 
testing high performance converters are: 

1. The ADC analog input must not be overdriven. Using a 
signal amplitude slightly lower than FSR will allow a 
small amount of “headroom” so that noise or DC offset 


voltage will not overrange the ADC and “hard limit” on 
signal peaks. Overrange peaks will, however, just result 
in a constant full-scale digital output. 

2. Two-tone tests can produce signal envelopes that exceed 
FSR. Set each test signal to slightly less than -6dB to 
prevent “hard limiting” on peaks. 


9.2-96 


Burr-Brown IC Data Book Supplement, Vol. 33b 
















Or, Call Customer Service at 1-800-548-6132 (USA Only) 


3. Low-pass filtering (or bandpass filtering) of test signal 
generators is absolutely necessary for THD and IMD 
tests. An easily built LC low-pass filter (Figure 16) will 
eliminate harmonics from the test signal generator. 

4. Test signal generators must have exceptional noise per- 
formance (better than -155dBc/Hz) to achieve accurate 
SNR measurements. Good generators together with fifth- 
order elliptical bandpass filters are recommended for 
SNR tests. Narrow bandwidth crystal filters can also be 
used to filter generator broadband noise but they should 
be carefully tested for operation at high levels. 

5. The analog input of the ADC601 should be driven by a 
low output impedance S/H amplifier such as a SHC804. 
Short leads are necessary to prevent digital noise pickup. 

6. A low-noise (jitter) clock signal (convert command) gen- 
erator is required for good ADC dynamic performance. 
A poor generator can seriously impair good SNR per- 
formance. Short leads are necessary to preserve fast TTL 
rise times. 

7. Two-tone testing will require isolation between test sig- 
nal generators to prevent IMD generation in the test gen- 
erator output circuits. An active summing amplifier 
using an OPA600 is shown in Figure 1 8. This circuit will 
provide excellent performance from DC to 5MHz with 
harmonic and intermodulation distortion products typi- 
cally better than -70dBc. A passive (hybrid transformer) 
signal combiner can also be used (Figure 17) over a range 
of about 0. 1 MHz to 30MHz. This combiner’s port-to- 
port isolation will be =45dB between signal generators 
and its input-output insertion loss will be »6dB. Distor- 
tion will be better than -85dBc for the powdered-iron 
core specified. Avoid ferrites. The circuits shown in 


L 2 L 4 Lg Lg 

ln © nrTTri mnnn rrrm rrrm q 

v Jc 3 Jc 5 J 9? Jc 9 V 

I I I I I 


50 Q 
Out 


9th Order 0.5dB Ripple 
Tchebychev Low-Pass Filter 

Attenuation at 2X cutoff frequency = 90dB. 

Cutoff frequency = -3dB frequency; to convert cutoff frequency to -0.5dB 
frequency, multiply all LC values by 0.98997. 


Cutolf 

Freq. 

(MHz) 

1 

1 

IS 

PI 

H 

4 

(H) 

H 

H 

H 

5.0 

1134.6 

1729.2 

trim 

1729.2 

1134.6 

2.056 

i m 

KMi 


2.5 

2269 

3458 

3531 

3458 

2269 

4.11 

4.43 

4.43 

4.11 

1.25 

4538 

6917 

7062 

6917 

4538 

8.23 

8.86 

8.86 

8.23 

0.625 

9077 

13.833 

14,125 

13.833 

9077 

16.45 

17.73 

17.73 

16.45 

0.50 

11.346 

17.292 

17.656 

17.292 

11.346 

20.56 

22.16 

22.16 

20.56 


Figures 17 and 18, have bandwidths beyond those re- 
quired for the ADC601; therefore, they have even better 
performance at 500kHz. These combiners are always 
good additions to high-speed engineering labs. 

8. A very low side-lobe window must be used for FFT 
calculations if generators cannot be phase-locked and set 
to exact frequencies. A minimum four-sample Black- 
man-Harris window function is recommended. (1) 

9. Digital data may be latched into an external TTL 12-bit 
register by the status falling edge before the next convert 
command level. Latches should be mounted on PC 
boards in very close proximity to the ADC601. Avoid 
long leads. 

10. Do not overload the data output logic. These outputs are 
designed to drive two TTL loads. 

11. A well-designed, clean PC board layout will assure 
proper operation and clean spectral response. Proper 
grounding and bypassing, short lead lengths and separa- 
tion of analog and digital signals and ground returns are 
particularly important for high frequency circuits. Multi- 
layer PC boards are recommended for best performance, 
but a two-sided PC board with large, heavy (2oz-foil) 
ground planes can give excellent results, if carefully 
designed. 

12. Prototyping “plug-boards” or wire-wrap boards will not 
be satisfactory. Request layout application notes from 
Burr-Brown. 

NOTES: 

1. “On the Use of Windows for Harmonic Analysis with the Discrete Fourier 
Transform," Fredric J. Harris. Proceedings of the IEEE, Vol. 66, No. 1, January 
1978, pp 51-83. 

2. SINAD test includes harmonics whereas SNR does not include these important 
spurious products. 

3. If IMD is referenced to peak envelope power, distortion will be of 6dB better. 



FIGURE 16. Ninth-Order Harmonic Filter. 
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Ikfl 

-Wr 


Ikfl 

-WA- 





Optional transmission line back- 
termination resistor; increases insertion 
loss by 6dB. 


49.9Q I 

-j-vW-j- 


Bandwidth: DC to 70MHz 
Insertion Loss: OdB 


50D 

Output 


FIGURE 18. Active Signal Combiner. 
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12-Bit 10MHz Sampling 
ANALOG-TO-DIGITAL CONVERTER 


FEATURES 


• HIGH SPURIOUS-FREE DYNAMIC RANGE 

• SAMPLE RATE: DC to 10MHz 

• HIGH SIGNAL/NOISE RATIO: 68.2dB 

• HIGH SINAD RATIO: 66dB 

• LOW HARMONIC DISTORTION: -69.6dBc 

• LOW INTERMOD. DISTORTION: -77.7dBc 

• COMPLETE SUBSYSTEM: Contains 
Sample/Hold and Reference 

0 46-PIN DIP PACKAGE 

• 0°C TO +70°C AND -55°C TO +125°C 


APPLICATIONS 

• DIGITAL SIGNAL PROCESSING 

• RADAR SIGNAL ANALYSIS 

• TRANSIENT SIGNAL RECORDING 
0 FFT SPECTRUM ANALYSIS 

• HIGH-SPEED DATA ACQUISITION 
0 IR IMAGING SYSTEMS 

0 DIGITAL RECEIVERS 
0 SIGINT, ECM, AND EW SYSTEMS 
0 DIGITAL OSCILLOSCOPES 


DESCRIPTION 

The ADC603 is an high performance analog-to-digital 
converter capable of digitizing signals at any rate from 
DC to 10 megasamples per second. Outstanding spu- 
rious-free dynamic range has been achieved by mini- 
mizing noise and distortion. Complete static and dy- 
namic test results are furnished with each KH and SH 
grade unit at no additional cost. 


The ADC603 is a two-step subranging ADC sub- 
system containing an ADC, sample/hold amplifier, 
voltage reference, timing, and error-correction circuitry 
in a 46-pin hybrid DIP package. Logic is TTL. Two 
temperature ranges are available: 0°C to +70°C (JH, 
KH) and -55°C to +125°C (RH, SH). 
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SPECIFICATIONS 

ELECTRICAL 


T c = +25°C, 10MHz sampling rate, R s = 50Q, ±15V, +7^, *= +5V, -V^ = -5.2V, and 15-minute warmup in convection environment, unless otherwise noted. 


PARAMETER 

CONDITIONS 

ADC603JH 

ADC603KH 

UNITS 


na 

im 

TTM 

m 

KH3I 

RESOLUTION 




12 




Bits 

INPUTS | 

ANALOG 





| 

| 



Input Range 

Full Scale 

-1.25 


+1.25 



| 


Input Impedance 



1.5 


■ 


| 

1 

Input Capacitance 



5 



m 

| 

1 

DIGITAL 









Logic Family 




TTL Compatible 




Convert Command 

Start Conversion 



Positive Edge 




Pulse Width 

t = Conversion Period 

10 


t-20 

• 


• 

ns 

| TRANSFER CHARACTERISTICS | 

ACCURACY 









Gain Error 

f = 200Hz 


±0.2 

1 


±0.1 

0.8 

%FSR"’ 

Input Offset 

DC 


±0.2 

0.75 


■ * 

0.5 

■ 

Integral Linearity Error 

f a 200Hz 


0.75 



0.5 

1 


Differential Linearity Error 

f a 200Hz: 68.3% of all Codes 


0.3 



0.25 

0.5 



99.7% of all Codes 


0.4 



0.3 

0.65 



100% of all Codes 


0.5 

1 


0.4 

0.75 


No Missing Codes 


Guaranteed 


Guaranteed 


Power Supply Rejection 

A+V cc = ±10% 


±0.03 



* 

±0.07 

%FSR/% 


A -Vcc = ±10% 


±0.04 



* 

±0.07 

%FSR/% 


A+V DO) a±10% 


±0.004 



* 

±0.03 

%FSR/% 


A V po2 = ±10% 


±0.01 



* 

±0.03 

%FSR/% 

CONVERSION CHARACTERISTICS 









Sample Rate 


DC 


10M 

DC 


10M 

Samples/s 

Pipeline Delay 

Logic Selectable 


1, 2 or 3 Convert Command Periods 



| DYNAMIC CHARACTERISTICS | 

Differential Linearity Error 

f = 4.9MHz: 68.3% of ail Codes 


0.3 



* 


LSB 


99.7% of all Codes 


0.75 



0.5 


LSB 


100% of all Codes 


1 

1.25 


0.6 

0.9 

LSB 

Spurious Free Dynamic Range 









f = 5MHz (-0.5dB) 

f s = 9.99MHz 


-72 

-63 


-74 

-66 

dB 

Total Harmonic Distortion ,2) (THD) 









f = 5MHz (-0.5dB) 

f s = 9.99MHz 


-68 

-61 


-69.6 

-64 

dBc< 3 ’ 

f= 100kHz 



-70 

-65 


-72.1 

-68 

dBc 

Two-Tone Intermodulation Distortion' 2 ’ 14 ’ 









f - 2.2MHz (-6.5dB) 

f s = 8.006MHz 


-75 

-67 


-77.7 

-71 

dBc 

f = 2.5MHz (-€.5dB) 









Signal-to-Noise and Distortion (SINAD) Ratio 








f = 5MHz (-0.5dB) 

f s = 9.99MHz 

60 

65 


62 

66 


dB 

f = 100kHz (-0.5dB) 


64 

67 


66 

68.5 


dB 

Signal-to-Noise Ratio (SNR) 









f = 5MHz (~0.5dB) 

f s a 9.99MHz 

63 

67 


66 

68.2 


dB 

f = 100kHz (-0.5dB) 


66 

68 


69 

70.1 


dB 

Aperture Delay Time 



-5 



• 

+9 

ns 

Aperture Jitter 



9 



* 

20 

psrms 

Analog Input Bandwidth (-3dB) 









Small Signal 

-20dB Input 


70 


50 

* 


MHz 

Full Power 

OdB Input 


40 


30 

• 


MHz 

Overload Recovery Time 

2x Full-Scale Input 


80 



* 

140 

ns 

OUTPUTS 









Logic Family 




TTL Compatible 




Logic Coding 

Logic Selectable 

Two's Complement or Inverted Two's Complement 


Logic Levels 

Logic LO, 1^ = -3.2mA 

0 

+0.3 

+0.8 

0 

+0.3 

+0.5 

V 


Logic HI, 1^ = 160pA 

+2.4 

+3.5 

+5 

+2.4 

+3.5 

+5 

V 

EOC Delay Time 

Data Out to DV 

5 

35 


5 

35 


ns 

Tri-State Enable/Disable Time 

Iql = -6.4mA, 50% In to 50% Out 


37 

100 


37 

100 

ns 

Data Valid Pulse Width 


20 

45 

60 

20 

45 , 

60 

ns 

| POWER SUPPLY REQUIREMENTS | 

Supply Voltages: +V CC 

Operating 

+14.25 

+15 

+15.75 

+14.25 

+15 

+15.75 

V 

-Vcc 


-14.25 

-15 

-15.75 

-14.25 

-15 

-15.75 

V 

+V*, 


+4.75 

+5 

+5.25 

+4.75 

+5 

+5.25 

V 

-VD02 


-4.95 

-5.2 

-5.46 

- 4.95 

-5.2 

-5.46 

V 

Supply Currents: +1^, 

Operating 


+60 



+60 

+80 

mA 

—, CC 



-60 



-60 

-80 

mA 

+l 001 



+280 



+280 

+330 

mA 

-1 D02 



-565 



-565 

-630 

mA 

Power Consumption 

Operating 


6.1 



6.1 


W 
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SPECIFICATIONS 


ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 

±15V, +VJ 3 Q, » +5V, -VpojO -5.2V, R,,- 50fl, 15-mlnute warmup, and T c » T UN to T^, unless otherwise noted. 


PARAMETER 

CONDITIONS 

i ADC 603 JH 

ADC603KH 

UNITS 


TYP 



TYP 


TEMPERATURE RANGE 


mm 







Specification 

"^CASE 

u u 


+70 

mi 


* 

°C 

| TRANSFER CHARACTERISTICS | 

ACCURACY 









Gain Error 

f * 200Hz 


±0.4 

1.5 


* 

1 

%FSR 

Input Offset 

DC 


±0.4 

1 


* 

0.5 

%FSR 

Integral Linear Error 

f« 200Hz 


0.75 



0.6 

1.25 

LSB 

Differential Linearity Error 

f - 200 Hz: 68.3% of all Codes 


0.4 



0.3 

0.6 

LSB 


99.7% of all Codes 


0.5 



0.4 

0.75 

LSB 


100% of all Codes 


0.75 



0.6 

1 

LSB 

No Missing Codes 



Guarantee! 

d 


Guarantee! 

d 


Power Supply Rejection 

A+V CC »±10% 


±0.04 



• 

±0.08 

%FSR/% 


A-V cc »±10% 


±0.05 



* 

±0.08 

%FSR/% 


A+V co1 o±10% 


±0.004 



* 

±0.05 

%FSR/% 


A - V 002= ±10% 


±0.02 



* 

±0.05 

%FSR/% 

CONVERSION CHARACTERISTICS 





! 




Sample Rate 


DC 


10M 

DC 


10M 

Samples/s 

| DYNAMIC CHARACTERISTICS | 

Differential Linearity Error 

f = 4.9MHz: 68.3% of all Codes 


0.5 



0.4 




99.7% of all Codes 


1 



0.6 




100% of all Codes 


1.25 

1.5 


0.7 

1 


Spurious Free Dynamic Range' 5 ’ 

f = 5MHz (-0.5dB) 


-65 

-60 


-72 

-65 


Total Harmonic Distortion' 2 * 









f « 5MHz (-0.5dB) 

f s = 9.99MHz 


-67 

-58 


-68.8 

-62 

dBc 

f= 100kHz 



-69 

-62 


-69.5 

-67 

dBc 

Two-Tone Intermodulation Distortion 









f « 2.2MHz (-6.5dB) 

f s = 8.006MHz 


-72 

-64 


-74.4 


dBc 

f = 2.5MHz (-6.5dB) 









Signal-to-Noise and Distortion 









(SINAD) Ratio 









f = 5MHz (-0.5dB) 

f s = 9.99MHz 

57 

65 


61 

65.4 


dB 

f = 100kHz (-0.5dB) 


62 

66 


64 

66.5 


dB 

Signal-to-Noise Ratio (SNR) 









f = 5MHz(-0.5dB) 

f s = 9.99MHz 

60 

67 


64 

68 


dB 

f = 100kHz (-0.5dB) 


64 

68 


68 

69.5 


dB 

Aperture Delay Time 



-6 





ns 

Aperture Jitter 



10 





psrms 

Analog Input Bandwidth (-3dB) 









Small Signal 

-20dB Input 


70 





MHz 

Full Power 

OdB Input 


40 





MHz 

Overload Recovery Time 

2x Full-Scale Input 


80 





ns 

OUTPUTS 









Logic Levels 

Logic LO, 1^ a -3.2mA 

0 

+0.3 

+0.8 

* 


+0.5 



Logic HI. - 160pA 

+2.4 

+3.5 

+5 

* 


• 


EOC Delay Time 

Data Out to DV 

5 

35 


* 



^| . . ■ 

Tri-State Enable/Disable Time 

•ol = -6.4mA, 50% In to 50% Out 


42 

100 



* 


Data Valid Pulse Width 


20 

45 

60 

* 


* 


POWER SUPPLY REQUIREMENTS | 

Supply Currents: +1^. 

Operating 


+65 




+80 

mA 

“■cc 



-61 




-80 

mA 

+' D ot ,e, 



+285 




+333 

mA 



H H 

-570 




-630 

mA 

Power Consumption 

Operating 

■ 

6.1 





W 


* Same specifications as ADC603JH/RH. 


NOTES: (1) FSR: Full-Scale Range = 2.5Vp-p. (2) Units with tested and guaranteed distortion specifications are available on special order— inquire. (3) dBC = level 
referred to carrier-input signal ®OdB); F = input frequency; F s = sampling frequency. (4) IMD is referred to the larger of the two input test signals. If referred to the 
peak envelope signal (»OdB), the intermodulation products will be 6dB lower. (5) SFDR tested at temperature for K grade only. (6) Pins 3 and 30 (analog) typically draw 
80% of the total +5V current. Pin 21 (digital) typically draws 20%. (7) Pin 6 (analog) typically draws 45% of the total -5.2V current. Pin 31 (digital) typically draws 55%. 
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SPECIFICATIONS 


ELECTRICAL 

T c - +25°C, 10MHz sampling rate, R s - 50Q, ±V CC - ±15V, • +5V, -V^ - -5.2V, and 15-mlnute warmup In convection environment, unless otherwise noted. 




ADC603RH 

ADC603SH 


PARAMETER 

CONDITIONS 

bub 

mum 

H223I 

HI 

B9 

WT7TM 

UNITS 

RESOLUTION 




12 



12 

Bits 

| INPUTS | 

ANALOG 





B ■ 

B ■ 

BM| 

BjfBiBiB 

Input Range 

Full scale 

-1.25 


+1.25 

■ 

B 

B 

■ 

Input Impedance 



1.5 


BHB 

B 


. 1 

Input Capacitance 



5 


B 

bbi 

B 

wmam 

DIGITAL 









Logic Family 




TTL Compatible 




Convert Command 

Start Conversion 



Positive Edge 




Pulse Width 

t - Conversion Period 

10 


t-20 

• 


• 

ns 

| TRANSFER CHARACTERISTICS | 

ACCURACY 









Gain Error 

f- 200Hz 


±0.2 

±2 


±0.1 

±i 

%FSR‘ 1 » 

Input Offset 

DC 

R..- 

±0.2 

±2 


• 

±0.75 


Integral Linearity Error 

f « 200Hz 

Wmjm 

0,75 



0.5 

1 

B 

Differential Linearity Error 

f » 200Hz:68.3% of all codes 


: :0.3 



0.25 

x:0.5 



99.7% of all codes 






0.65 

LSB 


1 00% of all codes 

§^H|§ 

mrn%. 



Mm 


LSB 

No Missing Codes 



Guaranteed : 


Power Supply Rejection 

A +^-±10% Hi 


40.03 



•• * \ 

±0*125 

. %FSR/% 


A-^«±10% :: \. 

m i 

±0.04 : 




'•-±0.1^1 

li:l;%FSR/% 


A +V D0 ^ ±10% 


ikools 



• • 

JtQ.03 

: %FSR/% 



mm 

±di01 



• * . : : j 

; ±0.03 

%FSR/% 

| CONVERSION CHARACTERISTICS ( 

Sample Rate 


Hide 


Jim. mm*. 



Samples/s 

Pipeline Delay 

Logic Selectable \ 


1 , 2 or 3 Convert Command Periods 



| DYNAMIC CHARACTERISTICS | 

Differential Linearity Error 

f « 4.9MHz: 66.3% of all Codes . 


0.3 "i 




0.5 

LSB 


99.7% of aif.cbdes 


j. 0.75 



M 

1 

LSB 


100% of all codes 


mmm. 



0.6 

1.25 

LSB 

Total Harmonic Distortion (2, (THD) 









f = 5MHz (-0.5dB) 

•i” r 9.99MHz 


■ : Wm 



-69.6 

-64 

dBc t3) 

f= 100kHz 



-70 



-72.1 

-66 

dBc 

Two-Tone Intermodulation Distortion^ 









f « 2.2MHz <-6.5dB) 

f a - 1.006MHz 


—75 \ 



-77.7 

-71 

dBc 

f = 2.5MHz (-6,5dB) 









Signal-to-Noise OKI Distortion 









(SINAD) Ratio 









f = 5MHz(-0.5dB) 

f s = 9.99MHz 


6|r 


62 

66 


dB 

f = 100kHz (-0.5dB) 



: ;67 


64 

68.5 


dB 

Signal-to-Noise Ratio (SNR) 









f= 5MHz (-0.5dB) 

i' : 9,99MHz i . 


67 


64 

682 


dB 

f= 100 kHz (-0.5dB) 



68 


66 

70.1 


dB 

Aperture Delay Time 



-s 



* 

+9 

ns 

Aperture Jitter 



9 



* 

20 

psrms 

Analog Input Bandwidth (~3dB) 









Small Signal 

-20d8 Input Hi 


70 


50 

* 


MHz 

Full Power 

OdB input .. 


40 


30 

* 


MHz 

Overload Recovery Time 

■-.i-i • ,2x Full-Scale Input 


80 



* 

140 

ns 

| OUTPUTS | 

Logic Family 




TTL Compatible 




Logic Coding 

Logic Selectable 

Two’s Complement or Inverted Two’s Complement 


Logic Levels 

Logic LO, 1^ = -3.2mA 

0 

+0.3 

+0.8 

0 

+0.3 

+0.5 

V 


Logic HI, 1^ ® 160pA 

+2.4 

+3.5 

+5 

+2.4 

+3.5 

+5 

V 

EOC Delay Time 

Data Out to DV 

5 

35 


5 

35 


ns 

Tri-State Enable/Disable Time- : 

•:i& a -6.4mA, 50% In to 50% Out 


37 

100 


37 

100 

ns 

Data Valid Pulse Width 


20 

45 

60 

20 

45 

60 

ns 

| POWER SUPPLY REQUIREMENTS | 

Supply Voltages: +V CC 

Operating 

+14.25 

+15 

+15.75 

+14.25 

+15 

+15.75 

_______ 

-Vcc 


-14.25 

-15 

-15.75 

-14.25 

-15 

-15.75 




+4.75 

+5 

+5.25 

+4.75 

+5 

+5.25 


| -Vpoj 


-4.95 

-5.2 

-5.46 

-4.95 

-52 

-5.46 

B 

Supply Currents: +U 

Operating 


+60 



+60 

+80 


_I CC 



-60 



-60 

-80 


+, 0O1 



+280 



+280 

+330 

■ 

_l 0O2 



-565 



-565 

-630 


Power Consumption 

Operating 


6.1 



6.1 


■KBBi 


• Same specifications as AdC603JH/RH 
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SPECIFICATIONS 

ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 


±V CC » ±1 5V, +V*,, « +5V, -Vpo, - -5.2V, Rg » 50Q, 1 5-minute warmup, and T c ■ T MN to T,^, unless otherwise noted. 


PARAMETER 

CONDITIONS 

ADC603RH 

ADC603SH 

UNITS 

m 

wnm 



B5B 


| TEMPERATURE RANGE 1 

| Specification 

i TcA6E 

-55 

. 


• 


• 

1 

| TRANSFER CHARACTERISTICS | 

ACCURACY 









Gain Error 

f- 200Hz 


±0.4 

±2 


• 

±1.5 

%FSR 

Input Offset 

DC 


±0.4 

±2 


• 

±1 

%FSR 

Integral Linear Error 

f - 200 Hz 


0.75 



0.6 

1.25 

LSB 

Differential Linearity Error 

f «* 200Hz: 68.3% of all codes 


0.4 



0.3 

0.6 

LSB 


99.7% of ail codes 


0.5 



0.4 

0.75 

LSB 


100% of all codes 


0.75 



0.6 

1 

LSB 

No Missing Codes 


Guaranteed 

Guaranteed 


Power Supply Rejection 

A+V cc -±10% 


±0.04 



* 

±0.08 

%FSR/% 


A—V cc »±10% 


±0.05 



* 

±0.08 

%FSR/% 


A+V DOi =±10% 


± 0:004 



• < 

y ;: ±o.o5 

%FSR/% 


A-V^o ±10% 


±0*02 




±0.05 

%FSR/% 

CONVERSION CHARACTERISTICS 









Sample Rate 


DC 


toM 

DC 

mm 

iom •; 

Samples/s 

| DYNAMIC CHARACTERISTICS 1 

Differential Linearity Error 

f = 4.9MHz: 68.3% of all obdesf 


' 0.5' ='\ 


ysfe. 


0,75 

"••yxtSB 


99.7% of all codes 





0.6 

1.25 

LSB 


ioo% of an codes 

5 :, 

<*25 


Sfe, 'Wi 

. 0-7 : . 

: : n.5 '. 

LSB 

Total Harmonic Distortion' 21 






illyy. ' 



U5MHz(-0.5dB) 

f 6 - 9.99MHz \ 

it§». 

-67 




♦42 

dBc 

f = 100kHz 



-69 y 



*, -69.6 


dBc 

Two-Tone Intermodulation Distortion 









f = 2.2MHz (-6.5dB) 

f s = 8,006MHz 


-72.:.. 



; : .-74>4 

-68 

dBc 

f = 2.5MHz(-6.5dB) 









Signal-to-Noise and Distortion 









(SINAD) Ratio 









f « 5 MHz (-0.5dB) 

t s « 9.99MHz ;: 


65 



65.4 


dB 

f » 100kHz (-0.5dB) 



mm 


•62 

66.5 


dB 

Signal-to-Noise Ratio <SNR) ; 



X j. 






f = 5MHz (-0.5dB) 

f 3 = 9.99MHz 


67 :; 


62 

68 


dB 

f = 100kHz (-0,5dB) 



i&>6 8 


64 

69.5 


dB 

Aperture DelayTime . 



£§i&. 



* 

+10 

ns 

Aperture Jitter 






* 

20 

ps rms 

Analog Input Ban^widlhf(^IB| . 









Small Signal 

-20dB;Jftpto. ... 


m . to 


50 

* 


MHz 

Full Power 

OdB Input 


"40 


30 

* 


MHz 

Overload Recovery Time, 



80 



* 


ns 

| OUTPUTS j 

Logic Levels 

Logic LO, ’ Q^4j^2mA ]'.W 

y=- o 

+0.3 

+0.8 

* 


+0.5 

V 


Logic hi, \ w ».iedpA yi 

+2.4 

+3.5 

+5 

* 


* 

V 

EOC Delay Time 

Data Out to DV> ; 

5 

35 


* 



ns 

T ri-State Enable/Disable Time 

1^ = -6.4mA, 50% In to 50% Out 


42 

100 



* 

ns 

Data Valid Pulse Width 


20 

45 

60 

* 


* 

ns 

POWER SUPPLY REQUIREMENTS | 

Supply Currents: +U 

i ;: v -.'Operating 


+65 




+80 

mA 

Hcc 



-61 




-60 

mA 




+285 




+333 

mA 




-570 




-630 

mA 

Power Consumption 

Operating 


6.1 





W 


* Same specifications as ADC6G3JH/RH 


NOTES: <1)FSR: Full-Scale Range * 2.5Vp-p. (2) Units with tested and guaranteed distortion specifications are available on special order— inquire. (3) dBC = level 
referred to carrier-input signal « OdSfjFF = input frequency; F 8 » sampling frequency. (4) IMD is referred to the larger of the two input test signals. If referred to the 
peak envelope signal (*0dB), the intermodulation products will be 6dB lower. 
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MECHANICAL 


H Package — Metal and Ceramic 



eb 



Mi TIM 

mm 


mm 

kilvMl 

n 


EES 1 


EEEI 

HDH 


irrr.i 

EE 

EEJ 

MS 

El 

EM 

EM 

m 

HiH 


EEgEBB 

KH 


WEzmm 

WEM 


KIM 

IBM 

EMI 

mm 

KESB 

KESE 

EM 

EH 


ke i ] 91 



MSI 

mm 

MS 

KM 

m 

EM 


EM 



NOTE: Leads in true 

position within 0.01" 
(0.25mm) R at MMC at 
seating plane. Pin numbers 
shown for reference only. 

Numbers may not be 
marked on package. 


K 

H— I 


jfrnmmrmmm 

L JL JL ' 


D ^ standoff 
(4 PI) 


N 1 

Seating Plane 


73P 


PIN ASSIGNMENTS 


i 

Common (Case) 

46 

Common (Analog) 

2 

NC 

45 

Analog Signal In 

3 

+v ddi ( +5V ) Analog 

44 

+V CC (+15V) Analog 

4 

S/H Out 

43 

-V cc (-15V) Analog 

5 

A/DIn 

42 

NC 

6 

—Vow (“5 ’2 V) Analog 

41 

NC 

7 

NC 

40 

NC 

8 

NC 

39 

DNC 

9 

Bit 1 (MSB) 

38 

DNC 

10 

Bit 2 

37 

Gain Adjust 

11 

Bit 3 

36 

Offset Adjust 

12 

Bit 4 

35 

Common (Analog) 

13 

Bit 5 

34 

+V CC (+15V) Analog 

14 

Bit 6 

33 

-V^ (-15V) Analog 

15 

Bit 7 

32 

Common (Analog) 

16 

Bit 8 

31 

“V^ (-5.2V) Digital 

17 

Bit 9 

30 

+v ooi ( +5V ) Analog 

18 

Bit 10 

29 

1 Pipeline Delay Select 

19 

Bit 11 

28 

0 Pipeline Delay Select 

20 

Bit 12 (LSB) 

27 

Output Logic Invert 

21 

+VD,,, (+5V) Digital 

26 

Common (Digital) 

22 

Data Valid Output 

25 

Tri-State ENABLE 

23 

Common (Digital) 

24 

Convert Command In 


ORDERING INFORMATION 



ADC603 ( ) K 
— 1 — T ' 



■ 

J, K: 0°C to +70°C Case Temperature 

R, S: -55°C to +1 25°C Case Temperature 


H: Metal and Ceramic 


1 

ABSOLUTE MAXIMUM RATINGS 

±Vcc - 

+ ^0O1 

^rae 

Analog Input 

Logic Input 

±16.5V 

+7V 

-7V 

±5V 

-0.5V to +V m 

Case Temperature 

Junction Temperature 

+125°C 

+165°C 

Stresses above these ratings may permanently damage the device. 

1 
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TYPICAL PERFORMANCE CURVES 

±15V, = +5V, -Vnx = -5.2V, R s = 50Q, 15-minute warmup, and T c = +25°C, unless otherwise noted. All plots are 4096 point FFTs. 


SIGNAL-TO-NOISE RATIO vs TEMPERATURE TWO-TONE IMD vs TEMPERATURE 



-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125 


Case Temperature (°C) Case Temperature (°C) 


TOTAL HARMONIC DISTORTION vs TEMPERATURE 



-50 -25 0 25 50 75 100 125 

Case Temperature (°C) 
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Amplitude (dB) Amplitude (dB) 
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TYPICAL PERFORMANCE CURVES 

= ±1 5V, H-Vpp, = +5V, -V^ = -5.2V, R s = 50fl, 1 0MHz sample rate, 1 5-minute warmup, and T c = +25°C, unless otherwise noted. All plots are 4096-point FFTs. 
5MHz HARMONIC DISTORTION 100kHz HARMONIC DISTORTION 



Frequency (MHz) Frequency (MHz) 


NOTE: Sample rate = 9.99 MHz; even harmonics folded to left NOTE: Sample rate = 9.99 MHz; harmonics appear in normal 

edge and odd harmonics folded to right edge. Any non- order, 

harmonically related spurious products show clearly in the 
center. 


TWO-TONE INTERMODULATION DISTORTION 

0 

-10 
-20 
-30 
-40 
-50 
-60 
-70 
-80 
-90 
-100 
-110 
-120 

0 1 2 3 4 

Frequency (MHz) 

NOTE: Sample rate = 8MHz; highest IMD product is cursor 
number 1 : fl +f2. The second-order -76.3dBc product deter- 
mines the wideband spurious-free dynamic range of this 
example. For RF applications third-order IMD products such 
as those at cursors 3 and 6 are the limiting spurs. Under these 
conditions spurious-free dynamic range is limited by 2f2+ f 1 to 
84.3dBc. 

Sample rates of 10MHz show similar results. 



TWO-TONE INTERMODULATION DISTORTION PRODUCTS 


CURSOR 

IMD 

FREQUENCY 

dB 

1 

2nd order : fl + f2 

3.086395621579MHz 

-83.1 

2 

2nd order : f2 - f 1 

0.080140734949MHz 

-91.4 

3 

3rd order : 2f 1 - f2 

2.339718530102MHz 

-92.4 

4 

3rd order : 2f1 + f2 

0.666536356529MHz 

-88.4 

5 

3rd order : 2f2 - fl 

0.586395621579MHz 

-88.2 

6 

3rd order : 2f2 + f 1 

2.580140734949MHz 

-91.1 

7 

4th order : 3f1 - f2 

3.246677091478MHz 

-109 

8 

4th order : 3f1 + f2 

1.753322908522MHz 

-100 

9 

4th order : 2f2 - 2f1 

0.130281469898MHz 

-114.8 

10 

4th order : 2f2 + 2f1 

1.833463643471MHz 

-95 

11 

4th order :3f2-f1 

2.926114151681MHz 

-115.4 

12 

4th order : 3f2 + f 1 

1.913604378421MHz 

-98.2 


NOTE: IMD products in this table are refered to full-scale (OdB). To refer IMD to 
carrier, subtract the larger of f c 1 or f c 2. In this example, IMD referred to carrier 
will be 6.8dB higher (worse) than the full-scale value shown. 
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THEORY OF OPERATION 

The ADC603 is a two-step subranging analog-to-digital 
converter. This architecture is shown in Figure 1 . The major 
system building blocks are: sample/hold amplifier, MSB 
flash encoder, DAC and error amplifier, LSB flash encoder, 
digital error corrector, and timing circuits. The ADC603 uses 
hybrid technology with laser-trimmed integrated circuits 
mounted in a multilayer ceramic package to integrate this 
complex circuit into a complete analog-to-digital converter 
subsystem with state-of-the-art performance. 

Conceptually, the subranging technique is simple: sample 
and hold the input signal, convert to digital with a coarse 
ADC, convert back to analog with a coarse-resolution (but 
high-accuracy) DAC, subtract this voltage from the S/H 
output, amplify this “remainder,” convert to digital with a 
second coarse ADC, and combine the digital output from the 
first ADC (MSB) with the digital output from the second 
ADC (LSB). In practice, however, achieving high conver- 
sion speed without sacrificing accuracy is a difficult task. 

The analog input signal is sampled by a high-speed sample/ 
hold amplifier with low distortion, fast acquisition time and 
very low aperture uncertainty (jitter). A diode bridge sam- 
pling switch is used to achieve an acceptable compromise 
between speed and accuracy. The diode bridge switching 
transients are buffered from the analog input by a high input 
impedance buffer amplifier. Since the hold capacitor does 
not appear in the feedback of the diode bridge output buffer. 


1-800-548-6132 (USA Only) 

the capacitor can acquire the signal in 25ns. The low-bias- 
current output buffer is then required to settle to only the 
resolution (7 bits) of the first (MSB) flash encoder in 25ns, 
while an additional 60ns is allowed for settling to the resolu- 
tion (12 bits) of the second (LSB) flash encoder. Sample/ 
hold droop appears as only an offset error and does not effect 
linearity. 

Both the MSB and the LSB flash encoder (ADC) fiinction are. 
performed by multiplexing one high-speed 7-bit resolution 
converter formed by parallel-connecting two 6-bit flash 
ADCs. The DAC voltage reference is also used to generate 
reference voltages for the MSB and LSB encoder to compen- 
sate drift errors. Buffering and scaling amplifiers are laser- 
trimmed to minimize voltage offset errors and optimize gain 
(input full-scale range) symmetry. 

The subtraction DAC is an ECL 7-bit resolution monolithic 
DAC with 14-bit accuracy. Laser-trimmed thin-film nichrome 
resistors and high-speed bipolar circuitry allow the DAC 
output to settle to 14-bit accuracy in only 35ns. 

A “remainder” or coarse conversion-error voltage is gener- 
ated by resistively subtracting the DAC output from the 
output of the sample/hold amplifier. Before the second (LSB) 
conversion, the “remainder” is amplified by a wideband fast- 
settling two-input amplifier with a gain of 32V/V. To prevent 
overload on large amplitude transients, the active input is 
switched off to blank the amplifier input from the beginning 
of the S/H acquisition time to the end of the MSB encoder 
update time. 



Gain 

Adjust 


FIGURE 1. ADC603 Block Diagram — A Two-Step Subranging Architecture. 
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Internal timing circuits (ECL logic is used internally) supply 
all the critical timing signals necessary for proper operation 
of the ADC603. Some noncritical timing signals are also 
generated in the digital error correction circuitry. Timing 
signals are laser-trimmed for both pulse width and delay. 
ECL logic is used for its speed, low noise characteristics and 
timing delay stability over a wide range of temperatures and 
power supply voltages. Basic timing is derived from the 
output of a three-stage shift register driven by a synchronized 
20MHz oscillator. 

The convert command pulse is differentiated to allow trig- 
gering by pulses from as narrow as 10ns to as wide as 80% 
duty cycle. 

The ADC603 timing technique generates a variable width 
S/H gate pulse which is determined by the conversion com- 
mand pulse period minus a fixed 67ns ADC conversion time. 
ADC603 conversion rates are therefore possible somewhat 
above the 10MHz specification, but S/H acquisition time is 
sacrificed and accuracy is rapidly degraded. Converters with 
guaranteed operation at 10.24MHz sample rate are available 
on special order. 

The output of the MSB and LSB encoders are read into 
separate 7-bit latches. The latched MSB data, along with the 
latched LSB data, is then read into a 14-bit latch after the 
leading edge of the LSB strobe and before being applied to 
the adder, where the actual error correction takes place. 
These latches eliminate any critical timing problems that 
could result when the converter is operated at the maximum 
conversion rate. 

The function of the digital error correction circuitry is to 
assemble the 7-bit words from the two flash encoders into a 
1 2-bit output word. A data valid (DV) pulse is also generated 
which is used to indicate when output data can be latched into 
an external register. This DV pulse is delayed 6ns after the 
output data has settled to allow sufficient set-up time for an 
external TTL data latch. A high-speed latch such as a 74F174 
is recommended. 

The 14-bit register output is then sent to a 12-bit adder where 
the final data output word is created. The MSB data forms the 


most significant seven bits of a 12-bit word, with the last five 
bits being assigned zeros. In a similar fashion, the LSB data 
from the least significant bits forms the other input to the 
adder, with the first five bits being assigned zeros. As two 12- 
bit words are being added, the output of the adder could 
exceed 12 bits in range; however, the final data output is only 
a 12-bit word, so a means of detecting an overrange is 
included to prevent reading erroneous data. The converter 
data output is forced to all ones for a full-scale input or 
overrange. The data output does not ‘Toll-over” if the con- 
verter input exceeds its specified full-scale range of ±1 .25 V. 

DISCUSSION OF 
PERFORMANCE 

DYNAMIC PERFORMANCE TESTING 

The ADC603 is a very high performance converter and 
careful attention to test techniques is necessary to achieve 
accurate results. Spectral analysis by application of a fast 
Fourier transform (FFT) to the ADC digital output will 
provide data on all important dynamic performance parame- 
ters: total harmonic distortion (THD), signal-to-noise ratio 
(SNR) or the more severe signal-to-noise-and-distor- 
tion ratio (SIN AD), and intermodulation distortion (IMD). 

A typical test setup for performing high-speed FFT testing of 
analog-to-digital converters is shown in Figure 2. Highly 
accurate phase-locked signal sources allow high resolution 
FFT measurements to be made without using window func- 
tions. By choosing appropriate signal frequencies and sample 
rates, an integral number of signal frequency periods can be 
sampled. As no spectral leakage results, a “rectangular” 
window (no window function) can be used. This was used to 
generate the typical FFT performance curves shown on page 5. 

If generators cannot be phase-locked and set to extreme 
accuracy, a very low side-lobe window must be applied to the 
digital data before executing an FFT. A commonly used 
window such as the Hanning window is not appropriate for 
testing high performance converters; a minimum four-sample 
Blackman-Harris window is strongly recommended. (1) To 



FIGURE 2. Block Diagram of FFT Test for THD, SNR, and SINAD. 
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assure that the majority of codes are exercised in the ADC603 
(12 bits), a 4096-point FFT is taken. If the data storage RAM 
is limited, a smaller FFT may be taken if a sufficient number 
of samples are averaged (i.e., a 10-sample average of 512- 
point FFTs). 


Dynamic Performance Definitions 

1. Signal-to-Noise-and-Distortion (2) Ratio (SINAD): 

10 log Sinewave Signal Power 

Noise + Harmonic Power (first 9 harmonics) 


2. Signal-to-Noise Ratio (SNR): 

10 log Sinewave Signal Power 
Noise Power 


3. Total Harmonic Distortion (THD): 

10 log Harmonic Power (first 9 harmonics) 
Sinewave Signal Power 


1. The ADC analog input must not be overdriven. Using a 
signal amplitude slightly lower than FSR will allow a 
small amount of “headroom” so that noise or DC offset 
voltage will not overrange the ADC and “hard limit” on 
signal peaks. 

2. Two-tone tests can produce signal envelopes that exceed 
FSR. Set each test signal to slightly less than -6dB to 
prevent “hard limiting” on peaks. 

3. Low-pass Filtering (or bandpass filtering) of test signal 
generators is absolutely necessary for THD and IMD 
tests. An easily built LC low-pass filter (Figure 4) will 
eliminate harmonics from the test signal generator. 

4. Test signal generators must have exceptional noise per- 
formance (better than -155dBC/Hz) to achieve accurate 
SNR measurements.^ Good generators together with fifth- 
order elliptical bandpass filters are recommended for 



i i i i i 


4. Intermodulation Distortion (IMD): 

10 log Highest IMD Product Power (to 5th order) 
Sinewave Signal Power 

IMD is referenced^ to the larger of the test signals fj or f 2 . Five 
“bins” either side of peak are used for calculation of funda- 
mental and harmonic power. The “0” frequency bin (DC) is 
not included in these calculations as it is of little importance 
in dynamic signal processing applications. 


APPLICATION TIPS 

Attention to test set-up details can prevent errors that contrib- 
ute to poor test results. Important points to remember when 
testing high performance converters are: 


9th Order 0.5dB Ripple 
Tchebychev Low-Pass Filter 


Attenuation at 2x cutoff frequency = 90dB. 


Cutoff frequency = -3dB frequency: to convert cutoff frequency to -0.5dB 
frequency, multiply all LC values by 0.98997. 


CUTOFF 

FREQ. 

(MHz) 

ipf) 

C 3 

(pF) 

c 5 

(pF) 

(PF) 

c 9 

(PF) 

h 

m 

L 4 

(mH) 

^6 

(pH) 

K, 

(pH) 

5 

1134.6 

1729.2 

1765.6 

1729.2 

1134.6 

2.056 

2.216 

2.216 

2.056 

2.5 

2269 

3458 

3531 

3458 

2269 

4.11 

4.43 

4.43 

4.11 

1.25 

4538 

6917 

7062 

6917 

4538 

8.23 

8.86 

8.86 

8.23 

0.625 

9077 

13.833 

14.125 

13.833 

9077 

16.45 

17.73 

17.73 

16.45 


FIGURE 4. Ninth-Order Harmonic Filter. 



FIGURE 3. Block Diagram of FFT Test for Two-Tone IMD. 
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FIGURE 5. Active Signal Combiner. 


SNR tests. Narrow-bandwidth crystal filters can also be 
used to filter generator broadband noise, but they should 
be carefully tested for operation at high levels. 

5. The analog input of the ADC603 should be terminated 
directly at the input pin sockets with the correct filter 
terminating impedance (50Q or 75Q), or it should be 
driven by a low output impedance buffer such as an 
OPA675/676, OPA620/621, or OPA600. Short leads are 
necessary to prevent digital noise pickup. 

6. A low-noise (jitter) clock signal (convert command) gen- 
erator is required for good ADC dynamic performance. A 
poor generator can seriously impair good SNR perfor- 
mance. Short leads are necessary to preserve fast TTL rise 
times. 

7. Two-tone testing will require isolation between test signal 
generators to prevent IMD generation in the test generator 
output circuits. An active summing amplifier using an 
OPA600 is shown in Figure 5. This circuit will provide 
excellent performance from DC to 5MHz with harmonic 
and intermodulation distortion products typically better 
than -70dBC. A passive (hybrid transformer) signal com- 
biner can also be used (Figure 6) over a range of about 
0. 1MHz to 30MHz. This combiner’s port-to-port isolation 
will be ~45dB between signal generators and its input- 
output insertion loss will be ~6dB. Distortion will be 
better than -85dBC for the powdered-iron core specified. 
Avoid ferrites. 

8. A very low side-lobe window must be used for FFT 
calculations if generators cannot be phase-locked and set 
to exact frequencies. A minimum four-sample Blackman- 
Harris window function is recommended. (1) 

9. Digital data must be latched into an external TTL 12-bit 
register by the Data Valid output pulse or by using the 
convert command pulse (Figures 11, 12, 13, and 14). 
Latches should be mounted on PC boards in very close 
proximity to the ADC603. Avoid long leads. 

10. Do not overload the data output logic. These outputs are 
designed to drive 2 TTL loads. Do not connect ADC603 



data output pins directly to a noisy digital bus; use 
external 3-state logic for noise immunity. 

11. A well-designed, clean PC board layout will assure 
proper operation and clean spectral response* 5 - 6 * Proper 
grounding and bypassing, short lead lengths, separation 
of analog and digital signals, and the use of ground 
planes are particularly important for high frequency 
circuits. Multilayer PC boards are recommended for best 
performance, but a two-sided PC board with large, heavy 
(2oz-foil) ground planes can give excellent results, if 
carefully designed. 

12. Prototyping “plug-boards” or wire- wrap boards will not 
be satisfactory. 

13. Floating inputs can eliminate ground-loop noise. A 
simple common-mode choke (balun) shown in Figure 7 
and 8, or a differential amplifier (Figure 9 and 10) can 
reduce analog input noise. 

14. Connect analog and digital ground pins of the ADC603 
directly to the ground plane. In our experience, connect- 
ing these pins to a common ground plane gives the best 
results. Analog and digital power supply commons 
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should be tied together at the ground plane. Adding 
power supply and ground-return filtering* 7 * is optional 
and may improve noise rejection. 



NOTES: 

1. "On the Use of Windows for Harmonic Analysis with the Discrete Fourier 
Transform", Frcdric J. Harris, Proceedings of the IEEE, Vol. 66, No. 1, January 
1978, pp 51-83. 

2. SINAD test includes harmonics whereas SNR does not include these important 
spurious products. 

3. If IMD is referenced to peak envelope power, distortion will be of 6dB better. 

4. ‘Test Report: FFT Characterization of Burr-Brown ADC600K", Signal Conver- 
sion Ltd., Swansea, Wales, U.K. 

5. MECL System Design Handbook, 3rd Edition, Motorola Corp. 

6. Motorola MECL, Motorola Corp. 

7. Murata-Eric BNX002-01. 


FIGURE 7. Floating-Input Baiun Transformer. 



4990 



FIGURE 9. Differential Input Buffer Amplifier (Gain =-l V/ 
V). 


1500 



FIGURE 10. Differential Input Buffer Amplifier (Gain = - 
2 V/V). 
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FIGURE 11. Interface Circuit — Digital Output Strobed by Convert Command. Supply connection shown: power supplies and 
grounds shared by analog and digital pins using common ground plane (recommended circuit). 
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FIGURE 12. Interface Circuit — Digital Output Strobed by Data Valid Pulse. Supply connection shown: power supplies and 
grounds shared by analog and digital pins using common ground plane. 
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NOTES: (1) tj .,0 = Delay time from Convert Command to Invalid Data. Typical value = 40ns. Independent of conversion rate. (2) t cv0 = Delay time from Convert 
Command to Valid Data. Typical value = 93ns. Independent of conversion rate. (3) The SS symbol indicates the portion of the waveform that will “stretch out” at 
lower conversion rates. (4) t^ = Delay time from Convert Command to the internal hold. Typical value = 6ns. Independent of conversion rate. (5) t^ = data set- 
up time. This depends on conversion rate and may be calculated by: i _ 

uSU ~ _ *CVD 


FIGURE 13. Convert Command Strobe Timing. 


Nanoseconds 0 20 40 60 80 100 120 140 160 180 200 220 240 260 



NOTES: (1) t^ = Delay time from Convert Command to the falling edge of Data Valid Strobe. Typical value = 85ns. Independent of conversion rate. (2) t^ = Delay 
time from Convert Command to the rising edge of Data Valid Strobe. Typical value = 135ns. Independent of conversion rate. (3) If Conversion “N" is the first 
conversion, then there is no Strobe N-1 , and the Data Valid Strobe Signal will simply be high until t^ after the first Convert Command. (4) t cvo = delay time from 
Convert Command to Valid Data. Typical value = 120ns. Independent of conversion rate. (5) t^ = Delay time from Convert Command to Internal Hold Command. 
Typical value = 6ns. Independent of conversion rate. (6) The symbol indicates the portion of the waveform that will “stretch ouf at lower conversion rates. 


FIGURE 14. Data Valid Strobe Timing. 
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FIGURE 15. Digitized Sine Waves (f s = 10MHz). 


DIGITIZING INPUT WAVEFORMS 

The response of the ADC603 is illustrated by the digitized 
waveforms of Figure 15. The 4.99MHz sine wave near the 
Nyquist limit is virtually identical to much lower frequency 
sine wave input. The under-sampled 19.999MHz sine wave 
illustrates the ADC603’s excellent analog input full-power 
bandwidth. 

HISTOGRAM TESTING 

Histogram testing is used to test differential nonlinearity of 
the ADC603. This system’s block diagram (the same for FFT 
testing and waveform digitizing) is shown in Figure 2 and 
histogram test results for a typical converter are shown in 
Figure 16. Note that low-frequency differential nonlinearity 
is 1/2LSB and it shows virtually no degradation near the 
Nyquist limit of 5MHz; there are no missing codes present 
and the peak nonlinearity does not exceed 1LSB. Histogram 
testing is a useful performance indicator as the width of all 
codes can be determined. 

SPECTRUM ANALYZER TESTING 

A beat-frequency technique (Figure 17) can be used to view 
digitized waveforms on an oscilloscope and, with care, this 
technique can also be used for testing high-speed ADC 
dynamic characteristics with an analog spectrum analyzer. 


In this method a test signal is digitized by the ADC603 and 
the output digital data is latched into an external latch by the 
converter Data Valid output pulse driving a divide-by-N 
counter. The buffered ECL/TTL level translator latch drives 
a 12-bit video-speed DAC which reconstructs the digital 
signal back into an analog replica of the ADC603 input. This 
analog signal, including distortion products and noise result- 
ing from digitization, can then be viewed on an ordinary 
analog RF spectrum analyzer. 

It is important to realize that the distortion and noise mea- 
sured by this technique include not only that from the 
ADC603, but also from the entire analog-to-analog test 
system. Nonlinearity of the reconstruction circuit must be 
very low to measure a high performance ADC, and this 
places severe requirements on the ADC, deglitcher, and 
buffer amplifiers. 

Using a high-speed video DAC63 in the analog reconstruc- 
tion circuit allows excellent test circuit linearity to be achieved. 
Clocking the DAC (demodulating) at f c /N allows a longer 
DAC settling time and keeps linearity high in the digital-to- 
analog portion of the test circuit. Spectrum analyzer dy- 
namic range can be a limiting factor in this method. To 
increase dynamic range, a sharp notch filter can be used to 
attenuate the high-level fundamental frequency. Attenuating 
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FIGURE 17. Analog-to- Analog Spectral Analysis by Beat-Frequency Techniques. 


the high-level fundamental signal allows the analog spec- 
trum analyzer to be used on a more sensitive range without 
generating distortion products within its front end. 

Note that even though the signal is demodulated at a fre- 
quency of sample rate/N, the distortion products still main- 
tain a correct frequency relationship to the fundamental. 
While this analog technique can give good performance, it 
cannot exclude some distortion products unavoidably gener- 
ated within the analog reconstruction portion of the test 
system. For this reason, the digital FFT technique is capable 
of more accurate high-speed analog/digital converter dy- 
namic performance measurements and is the preferred method 
of testing high-performance A/D converters. 


TIMING 

The ADC603 generates all necessary timing signals inter- 
nally. There are two methods for reading output data, offer- 
ing three selectable levels of data pipeline delay as described 
below. 

Convert Command Timing Option (pin 29 = HI) 

With this option, the Convert Command signal is used both 
for initiating a new conversion and for reading valid data 
from a previous conversion. This method is most useful in 
synchronous systems where data samples are taken continu- 
ously. 

See Figure 13 for timing relationships. 
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Pin 28 is used to control the amount of pipeline delay. If pin 
28 is held LO, then output data “N - 2” will be valid on the 
rising edge of Convert Command “N.” If pin 28 is held HI, 
then output data “N - 3” will be valid on the rising edge of 
Convert Command “N.” These timing relationships are valid 
at any conversion rate up to 10MHz. At rates approaching 
10MHz, however, the data setup time before the rising 
Convert Command edge may become as short as 6ns. There- 
fore, the use of high-speed TTL latches such as the 74F174 
hex flip-flop is recommended to capture the data. If slower 
latches must be used, then the setup time can effectively be 
improved by adding several nanoseconds of delay between 
the Convert Command and the latch clock signal. 

Data Valid Timing Option (pin 29 = LO) 

With this option, data from conversion “N” becomes valid 
after a fixed delay from the rising edge of Convert Command 
“N.” The delay is approximately 135ns, at which time the 
Data Valid strobe signal will rise. This signal may be con- 
nected directly to the clock input of the user’s data latch. 

See Figure 18 for timing relationships. Pin 28 must be left HI 
at all times when using the Data Valid timing option. 

The advantages of this method are that no subsequent con- 
versions are required in order to read the data, and the data 
is available as soon as possible after the start of conversion. 
Therefore, the Data Valid option is most useful in systems 
where the ADC may be operated asynchronously, or where 
the very first data latch output after power-up must represent 
a valid conversion. Note that because the delay is fixed at 
approximately 135ns independent of conversion rate, the 
Data Valid pulse will overlap into the next conversion at rates 
above 7.4MHz. This does not preclude proper operation at 
any rate up to 10MHz. 

DATA OUTPUT 

Output logic inversion can be accomplished by programming 
pin 27. Binary Two’s Complement or Inverted Binary Two’s 
Complement output data formats are available (Table II). 

The ADC603 output logic is TTL compatible. The tri-state 
output is controlled by ENABLE pin 25. For normal opera- 
tion, pin 25 will be tied LO. A logic HI on pin 25 will switch 
the ouput data register to a high-impedance state (Figure 20). 
Output OFF leakage current I OZL and I OZH will be less than 
50|xA over the converter’s specified operating temperature 
range. Tri-state output should be isolated from noisy digital 
bus lines, since the noise can couple back through the OFF 
data register and create noise in the ADC. 

DIGITAL INPUTS 

Logic inputs are TTL compatible. Open inputs will assume 
a HI logic state; unused inputs may be allowed to float or they 
may be tied to an appropriate TTL logic level. 



DATA LATCHED BY 

DATA LATCHED BY 


CONVERT COMMAND 

DATA VALID STROBE 

PIN NUMBER 

N-3 

N-2 

N-1 

28 

HI 

LO 

HI 

29 

HI 

HI 

LO 


NOTES: 

1. FAST™ Applications Handbook, 1987. Fairchild Semiconductor Corp. 

2. Fairchild Advanced CMOS Technology, Technology Seminar Notes, 1985. 

3. “Impedance Matching Tweaks Advance CMOS IC Testing”, Gerald C. Cox, 
Electronic Design, April, 1987. 

4. “Grounding for Electromagnetic Compatibility”, Jerry H. Boogar, Design News,23 
February, 1987. 

OFFSET AND GAIN ADJUSTMENT 

The ADC603 is carefully laser-trimmed to achieve its rated 
accuracy without external adjustments. If desired, both gain 
error and input offset voltage error may be trimmed to zero 
with external potentiometers (Figure 23). Trim range is 
typically 2%; large offsets and gain changes should be made 
elsewhere in the system. Using an input buffer amplifier 
allows a convenient point for injecting large offset voltages 
and making wide gain adjustments. 

If offset and gain trim is not used, pins 36 and 37 should be 
left unconnected. 

THERMAL REQUIREMENTS 

The ADC603 is tested and specified over a temperature 
range of 0°C to +70°C (J, K grade) and-55°C to +125°C (R, 
S grade). The converters are tested in a forced-air environ- 
ment with a 10 SCFM air flow. With a small heat sink 
(Figure 24) the ADC603 can be operated in a normal convec- 
tion ambient-air environment if submodule case temperature 
does not exceed the upper limit of its specification. 0 * 

High junction temperature can be avoided by using forced- 
air cooling, but it is not required at moderate ambient 


INPUT VOLTAGE 
(Exact Center of Code) 

DIGITAL DATA OUTPUT LOGIC CODING 

Binary IVro’s 
Complement (BTC) 
Pin 27 = LO 

Inverted Binary 
TWo’s Complement 
(BTC) Pin 27 = HI 


MSB LSB 

MSB LSB 

+FS (+1.25V) 

011111111111* 

100000000000* 

+FS -1LSB(+1 .2494V) 

011111111111 

100000000000 

+FS -2LSB(+1. 2488V) 

011111111110 

100000000001 

+3/4 FS (+0.9375V) 

011000000000 

100111111111 

+1/2FS (+0.625 V) 

010000000000 

101111111111 

+1/4FS (+0.3125V) 

001000000000 

110111111111 

+1LSB (+610p.V) 

000000000001 

111111111110 

Bipolar Zero (0V) 

000000000000 

111111111111 

-1LSB (-610pV) 

111111111111 

000000000000 

-1/4FS (-0.31 25V) 

111000000000 

000111111111 

-1/2FS (+0.625V) 

110000000000 

001111111111 

-3/4FS (-0.9375V) 

101000000000 

010111111111 

-(FS-1LSB)(-1 .2494V) 

100000000001 

011111111110 

-FS (-1.25V) 

100000000000 

011111111111 

| * Indicates overrange condition. | 


TABLE II. Digital Data Output Logic Coding. 



FIGURE 22. Digital Data Tri-State Output. 


TABLE I. Pipeline Delay Selection Logic. 
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temperatures. Thermal resistance of the ADC603 package is: 
6 ic = 4.8°C/W, measured to the underside of the case. 

NOTES: 

1. "Maximizing Heal Transfer from PCBs”, Machine Design, March 26, 1987, Jeilong 
Chung, 

ENVIRONMENTAL SCREENING 

The inherent reliability of a semiconductor device is con- 
trolled by the design, materials, and fabrication of the device 
—it cannot be improved by testing. However, environmental 
screening can eliminate the majority of those units which 
would fail early in their lifetimes (infant mortality) through 
the application of carefully selected accelerated stress levels. 

Burr-Brown offers environmentally screened versions of our 
standard military temperature range products, designed to 
provide enhanced reliability at moderate cost. The screening 
illustrated in Table III is performed to selected methods of 
MIL-STD-883. Reference to these methods provides a 
convenient way of communicating the screening levels and 
basic procedures employed; it does not imply conformance 
to any other military standards or to any methods of MIL- 
STD-883 other than those specified. Burr-Brown’s detailed 
procedures may vary slightly, model-to-model, from those in 
MIL-STD-883. 



SCREEN 

MIL-STD-883 

METHOD, 

CONDITION 

SCREENING LEVEL 

Internal Visual 

2017 

Visual requirements only 
(par 3.1 through 3.1.8) 

Electrical Test 

Burr-Brown 
Test Procedure 


High Temperature Stor- 
age (Stabilization Bake) 

1008 

HBB3H 


1010 


Constant Acceleration 

2001, A 


Bum-In 

1015, D 

160hr, +125°C T Jt No PDA 

Hermeticity, Gross Leak 

1014, C 

Bubble Test Only, 
Preconditioning Omitted 


Burr-Brown 
Test Procedure 


E53B2HHI 

2009 



TABLE III. Optional Screening Flow. 



FIGURE 21. A Multiplexed-Input Buffer Amplifier (Gain = 
+16V/V). 


46-pin package 



Heat sink #0808HS conducts heat from bottom of 
package into copper ground plane. (Mounting 
screws and nuts not included with 0808HS.) 



0.235" + 0.005" - 0 diameter" (2 places) 3. Deburr and break all sharp edges. 


FIGURE 20. Heat Sink Transfers Heat from the DIP Package into a Copper Ground Plane. 
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BURR -BROWN® 


ADC604 


SPO 


12-Bit 5MHz Sampling 
ANALOG-TO-DIGITAL CONVERTER 


FEATURES 

• 83d B SPURIOUS-FREE DYNAMIC RANGE 

• SAMPLE RATE: DC to 5MHz 

• HIGH SIGNAL/NOISE RATIO: 68.6dB 

• LOW HARMONIC DISTORTION: -83dBc 

• LOW INTERMOD. DISTORTION: -83dBc 

• SWEPT-POWER FFT TESTED (KH) 

• COMPLETE SUBSYSTEM: Contains 
Sample/Hold and Reference 

• 46-PIN DIP PACKAGE 

• 0°C TO +70°C 


APPLICATIONS 

» DIGITAL RECEIVERS 

• RADAR SIGNAL ANALYSIS 

• FFT SPECTRUM ANALYSIS 
® RF INSTRUMENTATION 

• MAGNETIC RESONANCE IMAGING 

• SIGINT, ECM, AND EW SYSTEMS 


DESCRIPTION 

The ADC604 is a high performance 12-bit analog-to- 
digital converter designed for spectrum analysis appli- 
cations. Outstanding spurious-free dynamic range has 
been achieved by minimizing noise and distortion. 
Complete static and dynamic test results are furnished 
with each KH grade unit at no additional cost. 


The ADC604 is a two-step subranging ADC sub-sys- 
tem containing an ADC, sample/hold amplifier, volt- 
age reference, timing, and error-correction circuitry in 
a 46-pin hybrid DIP package. Logic is TTL. 

This converter is pin-compatible with Burr-Brown’s 
12-bit 10MHz ADC603. 
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SPECIFICATIONS 


ELECTRICAL 

T c « +25°C, 5MHz sampling rate, R s *» 50 O, ±V CC » ±15V, +V 001 » +5V, -V 0M « -5.2V, and 15-minute warmup in convection environment, unless otherwise noted. 


PARAMETER 


RESOLUTION 


INPUTS 


ANALOG 

Input Range 
Input Impedance 
Input Capacitance 



APC604KH 

] TYP I MAX UNITS 


12 


Full Scale 

-1.25 

1.5 

+1.25 



5 





Logic Family 


| | TTL Compatible | j 

Logic Coding 

Logic Selectable 

Two's Complement or Inverted Two’s Complement 

Logic Levels 

Logic “LO" 1^ = -3.2mA 

Logic “HI" 1^= 160uA 

0 1 +0.3 1 +0.8 1*1*1 +0.5 

+2.4 | +3.5 | +5.0 1 * | * | 

EOC Delay Time 

Data Out to DV 

See Timing Diagram: Figure 15 

Tri-State Enable/Disable Time 

Data Valid Pulse Width 

1^ = -6.4mA, 50% In to 50% Out 

| 37 | 100 | | * | • 

See Timing Diagram: Figure 15 



POWER SUPPLY REQUIREMENTS 

Supply Voltages: +V CC 

Operating 

+14.25 

+15 

+15.75 

* 


* 

V 

-V cc 


-14.25 

-15 

-15.75 

* 


* 

V 

+ V D01 


+4.75 

+5 

+5.25 

* 


* 

V 

-Voo, 


-4.95 

-5.2 

-5.46 

* 


* 

V 

Supply Currents: +l cc 

Operating 


+60 




+80 

mA 

-'cc 



-60 




-80 

mA 

+*001 



+280 




+330 

mA 

~*DD2 



-565 




-630 

mA 

Power Consumption 

Operating 


6.1 

7.0 



* 

W 


* Same specifications as ADC604JH. 
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SPECIFICATIONS (CONT) 


ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS) 

±V CC = ±15V, +V DD , = +5V, -V DW = -5.2V, R 3 = 50fl. 5MHz sampling rate, 15-minute warmup, and T c = T MN to T^, unless otherwise noted. 




ADC604JH 

ADC604KH 


PARAMETER 

CONDITIONS 





TYP 

MAX 

UNITS 

| TEMPERATURE RANGE | 

| Specification 

T 

CASE 

0 


+70 

• 


* 


| TRANSFER CHARACTERISTICS | 

ACCURACY 

Gain Error 

f » 8kHz 


±0.4 

±2 


. 

±1.5 

%FSR 

Input Offset 

DC 


±0.4 

±2 


* 

±1.5 

%FSR 

Integral Linear Error 

f = 8kHz 


0.75 



0.6 

1.25 

LSB 

Differential Linearity Error 

f . 8kHz: 100% of all Codes 


0.6 

1.5 


0.5 

4 

LSB 

No Missing Codes 


Guaranteed 

Guaranteec 



Power Supply Rejection 

A +V CC = ±1 0% 


±0.04 

±0.2 


4 


%FSR /% 


A— V cc = ±10% 


±0.05 

±0.2 


4 


%FSR/% 


A+V OO( =±10% 


±0.004 

±0.1 


4 


%FSR/% 


A -V 002 = ±10% 


±0.02 

±0.1 


4 


%FSR/% 

| CONVERSION CHARACTERISTICS | 

| Sample Rate 


DC 

| 5M 




Samples/s | 

| DYNAMIC CHARACTERISTICS 2 * J 

Differential Linearity Error 

Harmonic Distortion (HD) 

1 - 2MHz: 100% of all Codes 


0.6 

1.5 


0.5 

4 

LSB 

f = 2.00MHz (-0.5dB) 

f s = 4.99MHz 


-75 

-73 


-80 

-77 

dBc* 3 > 

f = 8kHz 



-80 

-77 


-83 

-80 

dBc 

Two-Tone Intermodulation Distortion* 4 * 









f = 2.20MHz (-6.5dB) 
f = 2.30MHz (-6.5dB) 

f 8 = 4.99MHz 


-77 

-72 


-82 

-80 

dBc 

Spurious-Free Dynamic Range (SFDR) 









f = 2.00MHz (-0.5dB) 

f s = 4.99MHz 

73 

75 


77 

80 


dB 

f = 8kHz (-0.5dB) 

Signal-to-Noise Ratio (SNR) 


77 

80 


80 

83 


dB 

f = 2.00MHz (-0.5dB) 

f s - 4.99MHz 

62 

67 


* 

68 


dB 

f = 8kHz (-0.5dB) 


65 



4 

70 


dB 

Aperture Delay Time 


-25 

-6 

+25 

* 

4 

4 

ns 

Aperture Jitter 

Analog Input Bandwidth (~3dB) 



10 




20 

ps rms 

Small Signal 

-20dB Input 


60 



4 


MHz 

Full Power 

OdB Input 


30 



4 


MHz 

Overload Recovery Time 

2x Full-Scale Input 


220 



4 


ns 

| OUTPUTS | 

Logic Levels 

Logic “LO". 1^ = -3.2mA 

0 

+0.3 

+0.5 

* 

4 

4 

V 


Logic “HI". 1^ = 160pA 

+2.4 

+3.5 

+5.0 

4 

4 

4 

V 

EOC Delay Time 

Data Out to DV 

See Figure 15; A Timing Typically Within ±20% Over Temperature 


Tri-State Enable/Disable Time 

1^ = -6.4mA, 50% In to 50% Out 


42 

100 


* 

* 

ns 

Data Valid Pulse Width 


See Figure 15; A Timing Typically Within ±20% Over Temperature 


| POWER SUPPLY REQUIREMENTS | 

Supply Currents: +l cc 

Operating 


+65 

+80 

■ ■ 


■ 

mA 

-'cc 


H 

-61 

-80 

■ 

■ 


mA 

+'oo/ 5> 


■ 

+285 

+333 

■ 

'P; 

■■ 

mA 

-1 <«> 



-570 

-630 




mA 

Power Consumption 

Operating 


6.1 

7.0 

■ 

IHI 


W 


* Same specifications as ADC604JH. 


NOTES: (1) FSR: Full-Scale Range = 2.5Vp-p. (2) Units with lower distortion are available on special order; inquire. (3) dBc » level referred to carrier-input signal - 
OdB); f = input frequency; f s = sampling frequency. (4) IMD is referred to the larger of the two input test signals. If referred to the peak envelope signal (=>OdB), the 
intermodulation products will be 6dB lower. (5) Pins 3 and 30 (analog) typically draw 80% of the total +5V current. Pin 21 (digital) typically draws 20%. (6) Pin 6 (analog) 
typically draws 45% of the total -5.2V current. Pin 31 (digital) typically draws 55%. 
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MECHANICAL 


Package — Metal and Ceramic 


INCHES MILLIMETERS 



—BE Bll W MM I 1 1 11IT1 ll 


IM ElEiElEa i 


.100 BASIC I 2.54 BASIC 


im iaBiMiEiBa 

■■■ jggjj :W m 


NOTE: Leads In true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
material and plating 
composition conform 
to method 2003 (sold- 
erability) of MIL-STD- 
883 (except para- 
graph 3.2) 


Pin 1 designator marked on bottom 


Standoff Seating Plane 

h-H K f-HK d-HK (4 pi) 


PIN ASSIGNMENTS 


1 

Common (Case) 

46 

Common (Analog) 

2 

DNC 

45 

Analog Signal In 

3 

+V D01 (+5V) Analog 

44 

+V CC (+15V) Analog 

4 

S/HOut 

43 

-V cc (-15V) Analog 

5 

A/DIn 

42 

NC 

6 

-V 0D2 (-5.2V) Analog 

41 

NC 

7 

NC 

40 

NC 

8 

NC 

39 

DNC 

9 

Bit 1 (MSB) 

38 

DNC 

10 

Bit 2 

37 

Gain Adjust 

11 

Bit 3 

36 

Offset Adjust 

12 

Bit 4 

35 

Common (Analog) 

13 

Bit 5 

34 

+V CC (+15V) Analog 

14 

Bit 6 

33 

-V cc (-15V) Analog 

15 

Bit 7 

32 

Common (Analog) 

16 

Bit 8 

31 

-V OM (-5.2V) Digital 

17 

Bit 9 

30 

+V DD , (+5V) Analog 

18 

Bit 10 

29 

1 Pipeline Delay Select 

19 

Bit 11 

28 

0 Pipeline Delay Select 

20 

Bit 12 (LSB) 

27 

Output Logic Invert 





21 

+V D01 (+5V) Digital 

26 

Common (Digital) 

22 

Data Valid Output 

25 

Tri-State ENABLE 

23 

Common (Digital) 

24 

Convert Command In 


1 


ORDERING INFORMATION 


ADC604 ( ) H 


Basic Model Number 

Performance Grade Code — 

J, K: 0°C to +70°C Case Temperature 

Package Code 

H: Metal and Ceramic 


i 


ABSOLUTE MAXIMUM RATINGS 


Analog Input ; ±5.0V 

Logic Input ...-0.5V to +V D01 

Case Temperature (Operating) +125°C 

Junction Temperature +165 6 C 

Storage Temperature r-65°C to +165°C 

Stresses above these ratings may permanently damage the device. 


NOTE: NC = no connection, DNC = do not connect. 


9.2-122 


Burr-Brown IC Data Book Supplement, Vol. 33b 












DNL Error (LSB) Harmonic Distortion (dBc) 


Or, Call Customer Service at 1-800-548-6132 (USA Only) 

TYPICAL PERFORMANCE CURVES 

±V CC = ±15V, +V 0D1 = +5V, -V 0D2 = -5.2V, R s = 50Q, 5MHz sampling rate, 15-minute warmup, and T c = +25°C, unless otherwise noted. 
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Case Temperature (°C) 
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Case Temperature (°C) 


HARMONIC DISTORTION vs TEMPERATURE 
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|| 
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TYPICAL PERFORMANCE CURVES 

±V CC = ±15V, +V D01 = +5V, -V 0M = -5.2V, R s = 50Q, 5MHz sampling rate, 15-minute warmup, and T c » +25°C, unless otherwise noted. 


2MHz HARMONIC DISTORTION 


0 

-20 
S ' -40 

TJ. 

5 

3 -60 

.*; 

Q. 

< -80 
-100 
-120 






fc 


f SAMPLE “ 5 

f c = 2MHz 
f c = -0.5dE 
32,768-poi 

.001MHz 




itFFT 











ill 

Lli 



1.5 1 1.5 2 

Frequency (MHz) 

NOTE: All harmonics are aliased. 


8kHz HARMONIC DISTORTION 


0 

-20 
S' -40 

<D 

1 

—80 

-100 

-120 


m 

| | 

ESSBB 



| 


HB 

II 

HI 

Hi 


m 

pm 


gm 

Hi 


HI 


Hi 

II 

1 


50 100 150 200 

Expanded Frequency (kHz) 

NOTE: Harmonics appear in normal order. 


SPURiGUS-FHEE DYNAMIC RANGE 



-56 -40 -20 0 +13 

Input Power Level (dBm) 


TWO-TONE INTERMODULATION DISTORTION 


0 

-20 
S ' -40 

s 

I -60 

-t: 

•& 

< -80 


-100 


i i 

fc*wp,p « 5.004684MHz 


u 

h 


f, = 2.25MHz 
f, » 2.4MHz 






f, =-6.5dB 
f 2 ■ -6.5dB 






16,384-point FFT 










HI 

it 


-120 1 
0 


1 1.5 2 2.5 

Frequency (MHz) 


THEORY OF OPERATION 

ADC604 is a two-step subranging analog-to-digital con- 
verter. This architecture is shown in Figure 1 . The major sys- 
tem building blocks are: sample/hold amplifier, MSB flash 
encoder, DAC and error amplifier, LSB flash encoder, digi- 
tal error corrector, and timing circuits. ADC604 uses hybrid 
technology with laser-trimmed integrated circuits mounted 
in a multilayer ceramic package to integrate this complex 
circuit into a complete analog-to-digital converter subsys- 
tem with state-of-the-art performance. 

Conceptually, the subranging technique is simple: sample 
and hold the input signal, convert to digital with a coarse 
ADC, convert back to analog with a coarse-resolution (but 
high-accuracy) DAC, subtract this voltage from the S/H out- 
put, amplify this “remainder,” convert to digital with a sec- 
ond coarse ADC, and combine the digital output from the 
first ADC (MSB) with the digital output from the second 
ADC (LSB). In practice, however, achieving high conver- 
sion speed without sacrificing accuracy is a difficult task. 

The analog input signal is sampled by a high-speed sample/ 
hold amplifier with very low distortion, fast acquisition time 
and very low aperture uncertainty (jitter). A bootstrapped 
diode bridge sampling switch is used to achieve an excellent 


compromise between speed and accuracy. The diode bridge 
switching transients are buffered from the analog input by a 
high input impedance buffer amplifier. Since the hold ca- 
pacitor does not appear in the feedback of the diode bridge 
output buffer, the capacitor can acquire the signal in 65ns. 
The low-bias-current output buffer is then required to settle 
to only the resolution (7 bits) of the first (MSB) flash 
encoder in 65ns while an additional 85ns is allowed for 
settling to the resolution (12 bits) of the second (LSB) flash 
encoder. Sample/hold droop appears as only an offset error 
and does not affect linearity. 

Both the MSB and the LSB flash encoder (ADC) functions 
are performed by multiplexing one high-speed 7-bit resolu- 
tion converter formed by parallel-connecting two 6-bit flash 
ADCs. The DAC voltage reference is also used to generate 
reference voltages for the MSB and LSB encoder to com- 
pensate drift errors. Buffering and scaling amplifiers are 
laser-trimmed to minimize voltage offset errors and opti- 
mize gain (input full-scale range) symmetry. 

The subtraction DAC is an ECL 7-bit resolution monolithic 
DAC with 14-bit accuracy. Laser-trimmed thin-film nichrome 
resistors and high-speed bipolar circuitry allow the DAC 
output to settle to 14-bit accuracy in only 35ns. 
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FIGURE 1. ADC604 Block Diagram — A Two-Step Subranging Architecture. 


A “remainder” or coarse conversion-error voltage is genera- 
ted by resistively subtracting the DAC output from the out- 
put of the sample/hold amplifier. Before the second (LSB) 
conversion, the “remainder” is amplified by a wideband 
fast-settling two-input amplifier with a gain of 32V/V. To 
prevent overload on large amplitude transients, the active 
input is switched off to blank the amplifier input from the 
beginning of the S/H acquisition time to the end of the MSB 
encoder update time. 

Internal timing circuits (ECL logic is used internally) sup- 
ply all the critical timing signals necessary for proper opera- 
tion of the ADC604. Some noncritical timing signals are 
also generated in the digital error correction circuitry. Timing 
signals are laser-trimmed for both pulse width and delay. 
ECL logic is used for its speed, low noise characteristics and 
timing delay stability over a wide range of temperatures 
and power supply voltages. Basic timing is derived from the 
output of a three-stage shift register driven by a synchro- 
nized 20MHz oscillator. 

The convert command pulse is differentiated to allow trig- 
gering by pulses from as narrow as l Ons to as wide as 80% 
duty cycle. 

The ADC604 timing technique generates a variable width 
S/H gate pulse which is determined by the conversion com- 
mand pulse period minus a fixed 135ns ADC conversion 
time. ADC604 conversion rates are therefore possible some- 
what above the 5MHz specification but S/H acquisition 
time is sacrificed and accuracy is rapidly degraded. Con- 


verters with guaranteed operation at 5.12MHz sample rate 
are available on special order. 


The output of the MSB and LSB encoders are read into 
separate 7-bit latches. The latched MSB data, along with the 
latched LSB data, is then read into a 14-bit latch after the 
leading edge of the LSB strobe and before being applied to 
the adder, where the actual error correction takes place. 
These latches eliminate any critical timing problems that 
could result when the converter is operated at the maximum 
conversion rate. 


The function of the digital error correction circuitry is to 
assemble the 7-bit words from the two flash encoders into a 
12-bit output word. A data valid (DV) pulse is also gener- 
ated to indicate when output data can be latched into an 
external register. This DV pulse is delayed 6ns after the 
output data has settled to allow sufficient set-up time for an 
external TTL data latch. A high-speed latch such as a 
74F174 is recommended. 

The 14-bit register output is then sent to a 12-bit adder where 
the final data output word is created. The MSB data forms 
the most significant seven bits of a 12-bit word, with the last 
five bits being assigned zeros. In a similar fashion, the LSB 
data from the least significant bits form the other input to the 
adder with the first five bits being assigned zeros. As two 12- 
bit words are being added, the output of the adder could 
exceed 12 bits in range; however, the final data output is 
only a 12-bit word, so a means of detecting an overrange is 
included to prevent reading erroneous data. The converter 
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data output is forced to all ones for a full-scale input or over- 
range. The data output does not “roll-over” if the converter 
input exceeds its specified full-scale range of ±1.25V. 

DISCUSSION OF 
PERFORMANCE 

DYNAMIC PERFORMANCE TESTING 

ADC604 is a very high dynamic range converter and careful 
attention to test techniques is necessary to achieve accurate 
results. Spectral analysis by application of a fast Fourier 
transform (FFT) to the ADC digital output will provide data 
on all important dynamic performance parameters: harmonic 
distortion (HD), signal-to-noise ratio (SNR), spurious-free 
dynamic range (SFDR), swept power response, and inter- 
modulation distortion (IMD). 

A typical test setup for performing high-speed FFT testing 
of analog-to-digital converters is shown in Figure 2. Highly 
accurate phase-locked signal sources allow high resolution 
FFT measurements to be made without using window func- 
tions. By choosing appropriate signal frequencies and sample 
rates, an integral number of signal frequency periods can be 
sampled. As no spectral leakage results, a “rectangular” 
window (no window function) can be used. This coherent 
sampling method was used to generate the typical FFT per- 
formance curves shown on page 6. The ratio of the sampling 
frequency to the signal frequency must be a non-rational 
number. 

If generators cannot be phase-locked and set to extreme 
accuracy, a very low side-lobe window must be applied to 
the digital data before executing an FFT. A commonly used 
window such as the Hanning window is not appropriate for 
testing high performance converters; a minimum four-sample 
Blackman-Harris window is strongly recommended/ 0 To 
assure that the majority of codes are exercised in the ADC604 
(12 bits), a 4096-point FFT is taken. If the data storage RAM 
is limited, a smaller FFT may be taken if a sufficient number 
of samples are averaged (ie, a 10-sample average of 512 
point FFTs). 

DYNAMIC PERFORMANCE DEFINITIONS 

1. Spurious-free dynamic range (SFDR): 

sinewave signal power 

10 log — 

highest harmonic or spurious signal power 

2. Signal-to-noise ratio (SNR): 

10 log s * newave s *8 naI P° w er 
total noise power 

3. Harmonic distortion (HD): 

highest harmonic power (to ninth harmonic) 

10 log — : : 

sinewave signal power 

4. Intermodulation distortion (IMD): 

highest IMD product power (to fifth order) 

10 log : : — : 

sinewave signal power 


IMD is referenced to the larger of the test signals f, or f 2 , not 
to full-scale range (FSR). The “0” frequency bin (DC) is not 
included in these calculations as it is of little importance in 
dynamic signal processing applications. 

APPLICATION TIPS 

Attention to test set-up details can prevent errors that contrib- 
ute to poor test results. Important points to remember when 
testing high performance converters are: 

1. The ADC analog input must not be overdriven. Using a 
signal amplitude slightly lower than FSR will allow a 
small amount of “headroom” so that noise or DC offset 
voltage will not overrange the ADC and “hard limit” on 
signal peaks. 

2. Two-tone tests can produce signal envelopes that exceed 
FSR. Set each test signal to slightly less than -6dB to 
prevent “hard limiting” on peaks. 

3. Low-pass filtering (or bandpass filtering) of test signal 
generators is absolutely necessary for accurate tests. An 
easily built LC low-pass filter (Figure 4) will eliminate 
harmonics from the test signal generator. 

4. Test signal generators must have exceptional noise per- 
formance (better than -155dBc/Hz) to achieve accurate 
SNR measurements.^ Good generators together with fifth- 
order elliptical bandpass filters are recommended for SNR 
tests. Narrow bandwidth crystal filters can also be used to 
filter signal generator broadband noise, but they should be 
carefully tested for low-distortion operation at high signal 
levels. 

5. The analog input of the ADC604 should be terminated 
directly at the input pin sockets with the correct filter ter- 
minating impedance (50£2 or 75Q) or it should be driven 
by a very low distortion buffer amplifier with low output 
impedance, such as an OPA621 or equivalent. Short leads 
(<1 inch) are necessary to prevent digital noise pickup. 

6. A low phase noise (jitter) clock signal (convert command) 
generator is required for good ADC dynamic perform- 
ance. A poor generator can seriously impair good SNR 
performance. Short leads are necessary to preserve fast 
TTL rise times. 

7. Two-tone testing will require high isolation between test 
signal generators to prevent IMD generation in the test 
generator output circuits. A passive (hybrid transformer) 
signal combiner can be used (Figure 5) over a range of 
about 0.1 MHz to 30MHz. This combiner’s port-to-port 
isolation will be ~45dB between signal generators and its 
input-output insertion loss will be ~6dB. Distortion will 
be better than -85dBc for the powdered-iron core speci- 
fied. Avoid ferrites. 

8. A very low side-lobe window must be used for FFT tests 
if generators cannot be phase-locked and set to exact 
frequencies to perform coherent sampling measurements. 
A minimum four-sample Blackman-Harris window func- 
tion is recommended. (1) 

9. Digital data must be latched into an external TTL 12-bit 
register by the Data Valid output pulse or by using the 
Convert Command pulse (Figures 10 and 11). Latches 
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FIGURE 3. Block Diagram of FFT Test for Two-Tone IMD. 



Attenuation at 2X cutoff frequency = 90dB. 

Cutoff frequency = -3dB frequency; to convert cutoff frequency to 
-0.5dB frequency, multiply ail LC values by 0.98997. 


Cutoff 

Freq. 

(MHz) 

C, 

(PF) 

c, 

(PF) 

(PF) 

Cy 

(PF) 

q, 

(PF) 

q 

(H) 

q 

(H) 

q 

(H) 

q 

(H) 

2.5 

2269 

3458 

3531 

3458 

2269 

4.11 

4.43 

4.43 

4.11 

1.25 

4538 

6917 

7062 

6917 

4538 

8.23 

8.86 

8.86 

8.23 

0.625 

9077 

13.833 

14,125 

13,833 

9077 

16.45 

17.73 

17.73 

16.45 



FIGURE 5. Passive Signal Combiner. 


FIGURE 4. Ninth-Order Harmonic Filter. 
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should be mounted on PC boards in very close proximity 
to the ADC604. Avoid long leads. 

10. Do not overload the data output logic. These outputs are 
designed to drive two TTL loads but a lighter load will 
minimize the amplitude of digital switching transients. 
Do not connect ADC603 data output pins directly to a 
noisy digital bus; use external three-state logic for noise 
immunity. 

11. A well-designed, clean PC board layout will assure 
proper operation and clean spectral response . (5K6) Proper 
grounding and bypassing, short lead lengths and separa- 
tion of analog and digital signals, and the use of ground 
planes are particularly important for high frequency 
circuits. Multilayer PC boards are recommended for best 
performance, but a two-sided PC board with large, heavy 
(2oz-foil) ground planes can give acceptable results, if it 
is carefully designed. 

1 2. Prototyping “plug-boards” or wire-wrap boards will NOT 
be satisfactory. There are no shortcuts. 

13. Floating inputs can minimize ground-loop noise. A simple 
common-mode choke (balun) shown in Figure 6 and 7 or 
a differential amplifier (Figure 8 and 9) can reduce 
analog input noise. 

14. Connect analog and digital ground pins of the ADC604 
directly to the ground plane. In our experience, connect- 
ing these pins to a common ground plane gives the best 
results. Analog and digital power supply commons should 
be tied together at the ground plane. Adding power 
supply and ground-return filtering* 7 * is optional and may 
improve noise reduction. 

NOTES: 

1. “On ihc Use of Windows for Harmonic Analysis with the Discrete Fourier 
Transform", Fredric J. Harris. Proceedings of the IEEE , Vol. 66, No. 1, January 
1978, pp 51-83. 

2. SFDR test includes harmonics and non-harmonic spurious products. 

3. If 1MD is referenced to peak envelope power, distortion will be of 6dB better. 

4. ‘Test Report: FFT Characterization of Burr-Brown ADC600K", Signal Conversion 
Ltd.. Swansea. Wales, U.K. 

5. MECL System Design Handbook , 3rd Edition, Motorola Corp. 

6. Motorola MECL. Motorola Corp. 

7. Murata-Eric BNX002-01. 

HISTOGRAM TESTING 

Histograms are used to test differential nonlinearity of the 
ADC604. This system’s block diagram (the same for FFT 
testing and waveform digitizing) is shown in Figure 2 and 
histogram test results for a typical converter are shown in the 
Typical Performance Curves. Note that low-frequency dif- 
ferential nonlinearity is under 1/2LSB and it shows virtually 
no degradation near the Nyquist limit of 2.5MHz; there are 
no missing codes present and the peak nonlinearity does not 
exceed 3/4LSB. Histogram testing is a useful performance 
indicator as the width of all codes can be determined. 

SWEPT-POWER FFT TESTING 

ADC604 converters are comprehensively tested to assure 
their conformance with Burr-Brown specifications. As this 
converter is designed for spectral-analysis applications, all 
important dynamic parameters are FFT tested, including a 


swept-power response measurement on KH-grade devices. 
A/D converter spurious signal levels typically show a vari- 
ation with input signal power. To insure that these spurs 
remain at an acceptable level over the whole range of input 
signal amplitudes, a point-by-point measurement of worst- 
case spurious signal levels (harmonic or non-harmonic) is 
made as the input signal level is stepped by ldB from an 
over-driven amplitude down to the ADC noise level. To 
minimize measurement error due to noise, eight FFTs are 
averaged to generate each data point. 

Plotting these data points results in the curve labeled “Spu- 
rious-Free Dynamic Range vs Input Power Level” shown in 
the Typical Performance Curves on page 5. Each ADC604KH 
is supplied with FFT plots and a swept-power test plot. Units 
with guaranteed swept-power performance are available on 
special order. 

TIMING 

The ADC604 generates all necessary timing signals inter- 
nally. There are two methods for reading ouipui data, offer- 
ing three selectable levels of data pipeline delay as described 
below: 

(1) Convert Command timing option (pin 29 = HIGH) — 
With this option, the Convert Command signal is used both 
for initiating a new conversion and for reading valid data 
from a previous conversion. This method is most useful in 
synchronous systems where data samples are taken continu- 
ously. 

See Figure 13 for timing relationships. 

Pin 28 is used to control the amount of pipeline delay. If pin 
28 is held LOW, then output data “N - 2” will be valid on 
the rising edge of Convert Command “N”. If pin 28 is held 
HIGH, then output data “N - 3” will be valid on the rising 
edge of Convert Command “N”. These timing relationships 
are valid at any conversion rate up to 5MHz. At a conversion 
rate of 5MHz, the data setup time before the rising Convert 
Command edge is about 50ns. 

(2) Data Valid timing option (pin 29 = LOW) — With this 
option, data from conversion “N” becomes valid after a 
fixed delay from the rising edge of Convert Command “N” 
The delay is approximately 165ns. At about t = 185ns, the 
Data Valid strobe signal will rise. This strobe signal may be 
connected directly to the clock input of the external data 
latches, providing a data setup time of approximately 20ns. 

See Figure 14 for timing relationships. Pin 28 must be left 
HIGH at all times when using the Data Valid timing option. 

The advantages of this method are: (a) no subsequent con- 
versions are required in order to read the data (ie, single-shot 
conversion capability), and (b) the data is available as soon 
as possible after the start of conversion. Therefore, the Data 
Valid option is most useful in systems where the ADC may 
be operated asynchronously, or where the very first data 
latch output after power-up must represent a valid conver- 
sion. 

DATA OUTPUT 

Output logic inversion can be accomplished by program- 
ming pin 27. Binary Two’s Complement or Inverted Binary 
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Two’s Complement output data format are available (Table 

ID. 

The ADC604 output l ogic is TTL compatible. The tri-state 
output is controlled by ENABLE pin 25. For normal opera- 
tion, pin 25 will be tied LO. A logic HI on pin 25 will switch 
the ouput data register to a high-impedance state (Figure 16). 
Output OFF leakage current I OZL and I^ will be less than 
50|xA over the converter’s specified operating temperature 
range. Tri-state outputs must not be connected directly to a 
noisy digital bus, as this noise can be coupled into the 
converter’s analog input. 

DIGITAL INPUTS 

Logic inputs are TTL compatible. Open inputs will assume 
a HI logic state; unused inputs may be allowed to float or they 
may be tied to an appropriate TTL logic level. 

NOTES: 

1. FAST ™ Applications Handbook, 1987. Fairchild Semiconductor Corp. 

2. Fairchild Advanced CMOS Technology, Technology Seminar Notes, 1985. 

3. "Impedance Matching Tweaks Advance CMOS 1C Testing”, Gerald C. Cox, Elec- 
tronic Design, April, 1987. 



DATA LATCHED BY 

DATA LATCHED BY 


CONVERT COMMAND 

DATA VAUD STROBE 

PIN NUMBER 

N-3 

N-2 

N-1 

28 

HI 

LO 

HI 

29 

HI 

HI 

LO 


TABLE I. Pipeline Delay Selection Logic. 


INPUT 

VOLTAGE 

DIGITAL DATA OUTPUT LOGIC CODING | 

BINARY TWO’S 
COMPLEMENT (BTC) 
PIN 27 = LO 

INVERTED BINARY 
TWO’S COMPLEMENT 
(BTC) PIN 27= HI 

+FS (+1 .25V) 
+FS -1LSB 
43/4 FS 
+1/2 FS 

011111111111 

011111111110 

000111111111 

001111111111 

100000000000 

100000000001 

111000000000 

110000000000 

+1 LSB 

Bipolar Zero 
-1 LSB 

000000000000 

111111111111 

111111111110 

111111111111 

000000000000 

000000000001 

-1/2 FS 
-3/4 FS 
-FS - 1 LSB 
-FS (-1 .25V) 

101111111111 

100111111111 

100000000001 

100000000000 

010000000000 

011000000000 

011111111110 

011111111111 


MSB LSB 

MSB LSB 


TABLE II. Digital Data Output Logic Coding. 


3. “Grounding for Electromagnetic Compatibility”, Jerry H. Boogar, Design News, 
February 23, 1987. 

OFFSET AND GAIN ADJUSTMENT 

The ADC604 is carefully laser-trimmed to achieve its rated 
accuracy without external adjustments. If desired, both gain 
error and input offset voltage error may be trimmed over a 
very small range with external potentiometers (Figure 17). 
Trim range is typically only 0.1%; larger offsets and gain 
changes should be made elsewhere in the system. Using an 
input buffer amplifier allows a convenient point for injecting 
large offset voltages and making wide gain adjustments. 

If offset and gain trim is not used, pins 36 and 37 should be 
left unconnected. 

THERMAL REQUIREMENTS 

The ADC604 is tested and specified over a temperature 
range of 0°C to +70°C in a forced-air environment with 500 
LFPM air flow. With a small heat sink (Figure 18), the 
ADC604 can be operated in a normal convection ambient-air 
environment if submodule case temperature does not exceed 
the upper limit of its specification.^ 

High junction temperature can be avoided by using forced- 
air cooling, but it is not required at moderate ambient tem- 
peratures. Thermal resistance of the ADC604 package is: 0 JC 
= 4.8°C/W measured to the underside of the case. 

NOTES: 

I. "Maximizing Heat TYansfcr from PCBs”, Machine Design, March 26, 1987, Jeilong 
Chung. 



FIGURE 6. Floating-Input Baiun Transformer. 
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499 » 



FIGURE 8. Differential Input Buffer Amplifier (Gain = 
-1V/V). 



FIGURE 9. Differential Input Buffer Amplifier (Gain = 
-2V/V). 



FIGURE 10. Interface Circuit— Digital Output Strobed by Convert Command. Supply connection shown: power supplies and 
grounds shared by analog and digital pins using common ground plane. (Recommended circuit) 
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FIGURE 1 1. Interface Circuit — Digital Output Strobed by Data Valid Pulse. Supply connection shown: power supplies and 
grounds shared by analog and digital pins, using common ground plane. 




FIGURE 1 2. Power Supply Connections with Separate Ana- FIGURE 1 3. Power Supply Connections with Separate Ana- 
log and Digital Power Supplies and Ground log and Digital Power Supplies and Ground 

Planes. Planes with Noise Filtering 
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Convert 

Command 


Start Conversion t 
N 1 


40 80 120 160 200 240 280 320 360 400 440 480 520 

i i i ! t ' i ! i i i » 

(3) I — \^ r \‘ ,,; x nc \" r \ T \ _T \ _ i\ i — 


Data Output 
Pin 28 - High 
Pin 29 -High 


Data Output 
Pin 28 - Low 
Pin 29 -High 


Internal 

Sample/Hold 

Command 


Valid Data 
' N-3, 


Valid Data 
N-2: 


Start Conversion t 
N + 1 ' 


I Valid Data 
i n — 2 ; 


] Sample N + 1 r 


; Valid Data 
i N-1' 


j Start Conversion i 
i N + 2 ' 


; Valid Data 
i N - 1; 


; Valid Data 
i N ! 


] Sample N + 2 [ 


NOTES: (1) t CID « delay time from Convert Command to Invalid Data. Typical value « 65ns. Independent of conversion rate. (2) t^ » Delay time from Convert 
Command to Valid Data. Typical Value - 1 50ns. Independent of conversion rate. (3) The SS symbol indicates the portion of the waveform that will "stretch out” 
at lower conversion rates. (4) t^ - delay time from Convert Command to the internal hold command. Typical value - 6ns. Independent of conversion rate. (5) 
^ - data set-up time. This depends on conversion rate and may be calculated by: » = ■; — t rvn 

'SAMPLE 


FIGURE 14. Convert Command Strobe Timing. 


120 160 200 240 280 320 360 400 440 480 


Convert r 

Command f N *J- 

Start Conversion 
N ' 


Data Valid 
Strobe 
Output 




Data Output 
Pin 28 = High 
Pin 29 » Low 


Internal 

Sample/Hold 

Command 


' Valid; 
jData N-1 


Start Conversion 
! N + 1 i 


• Start Conversion ] 
! N + 2 i 




i Valid 
* Data N + 1 


NOTES: (1) t,.^ = delay time from Convert Command to the falling edge of Data Valid strobe. Typical value = 140ns. Independent of conversion rate. (2) = 

delay time from Convert Command to the rising edge of Data Valid strobe. Typical value = 1 85ns. Independent of conversion rate. (3) t^ - delay time from Convert 
Command to Invalid Data. Typical value - 65ns. Independent of conversion rate. (4) t cv0 = delay time from Convert Command to Valid Data. Typical Value = 1 65ns. 
Independent of conversion rate. (5) t<. H - delay time from Convert Command to the internal hold command. Typical value - 6ns. Independent of conversion 
rate. (6) The SS symbol indicates the portion of the waveform that will “stretch out” at lower conversion rates. (7) t^ = data setup time. Typical value » 20ns. 
Independent of conversion rate. 


FIGURE 15. Data Valid Strobe Timing. 
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BURR-BROWN® 


ADC614 


ADVANCE INFORMATION 
SUBJECT TO CHANGE 


14-Bit 5MHz Sampling 
ANALOG-TO-DIGITAL CONVERTER 


FEATURES 


• SPURIOUS-FREE DYNAMIC RANGE: 85dB 

• SAMPLE RATE: DC to 5MHz 

• HIGH SIGNAL/NOISE RATIO: 78dB 

• LOW HARMONIC DISTORTION: -85dBc 

• LOW INTERMOD. DISTORTION: 

• COMPLETE SUBSYSTEM: Contains 
Sample/Hold and Reference 

• DIP PACKAGE HYBRID 

• 0°C TO +70°C 


APPLICATIONS 

m SIGINT SYSTEMS 

• DIGITAL SIGNAL PROCESSING 
V RADAR SIGNAL ANALYSIS • 

• TRANSIENT SIGNAL RECORDING 1 

• FFT SPECTRUM ANM^S^|>X, 
•ilGH-SPEED DATA ^UISm^ 

• IR IMAGING SYSTEMS ; f 

% DIGITAL RECEIVERS ^ ^ 


DESCRIPTION «IS|||^ 

The ADC614 is a high performance anaiog-to-digitaih 
converter capable of digitizing signals at any rate froth; 
DC to 5 megasamples per second. Outstanding spuri- 
ous-free dynamic range has been achieved by mini- 
mizing noise and distortion. 


The ADC614 is a two-step subranging ADC sub- 
system containing an ADC, sample/hold amplifier, 
: voltage reference, timing, and error-correction cir- 
cuitry in ia hybrid DIP package. Logic is TTL. Tem- 
perature range available: 0°C to +70°C. 



Signal I Sample/ 

Input \ Hold 


International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • Twx: 910-952-1111 * Cable: BBRCORP • Telex: 066-6491 . FAX: (602) 889-1510 * Immediate Product Info: (800) 548-6132 
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SPECIFICATIONS 


ELECTRICAL 

T c o +25°C, 5MHz sampling rate, R ft » 50Q, ±V CC » ±15V, » +5V, -V^ » -5.2V, and 15-minuta warmup In convection environment, unless otherwise noted. 




ADC614 


PARAMETER 

CONDITIONS 

MIN 


MAX 

UNITS 

RESOLUTION 




14 

Bits 

| INPUTS j 

ANALOG 






Input Range 

Full Scale 

-1.25 


+1.25 


Input Impedance 



1.5 



Input Capacitance 



5 


jHHESHH 

DIGITAL 






Logic Family 



TTL Compatible 



Convert Command 

Start Conversion 


Positive Edge 



Pulse Width 

t «* Conversion Period 

10 


t - 20 

ns 

| TRANSFER CHARACTERISTICS | 

ACCURACY 






Gain Error 

f - 200Hz K 


±0.2 


%FSR<’> 

Input Offset 

DC % 


±0.2 


%FSR 

Integral Linearity Error 

f» 200HZ ; \ 


±0.5 


LSB 

Differential Linearity Error 

f - 200Hz: 68.3% of Afl Codes 


±0.a,: ; :v,. :v . 


LSB 


99.7% of AH Codes 


±0.4 


LSB 


...... 100% Of Ail Codes 


±o;6 "m 


LSB 

Missing Codes 



nonp 



Power Supply Rejection 

A+v w «*iq%\ 


tBD • . 


%FSR/% 


A-V co ai;10%.m. 


.. TBD 


%FSR/% 


A-V^ iWfflm 


TBD 


%FSR/% 


a-v^ , 




%FSRy% 

| CONVERSION CHARACTERISTICS | 

Sample Rate 


DC v.n.fo, ~ 

5M 

Samples/s 

Pipeline Delay 


1 ,2 or 3 Convert Command Periods 


| DYNAMIC CHARACTERISTICS | 

Differential Linearity Error 

:y:f * 2.3MHz: 68.3% of All Codes 


MA 


LSB 


99.7% of All Codes 


±0.5 


LSB 


100% of All Codes 


. ±0.6 


LSB 

Total Harmonic Distortion' 25 






f = 2.3MHz (-0.5dB) 

f s « 5MHZ • 


-85 


dBd a > 

f = 100kHz v;?. 



-68 


dBc 

Two-Tone Intermodblation Distortion^ 5 ® 






f = 2.3MHz (Hjj.SdBJ 

f s a 5MHz \ 


-85 


dBc 

f = 2.2MHz (-6.5dB) 





dBc 

Signal-to-Noise and Distortion (SINAD) Rati 






f = 2.3MHz (-0.5dB) 

f 3 * 5MHz V.:-.mk, 


TBD 


dB 

f = 100kHz (-0.5dB) 



TBD 


dB 

Signal-to-Noise Ratio (SNR) 






f = 2.3MHz (-0.5dB) 

f g » 5MHZ 


74 


dB 

f = 100kHz (-0.5dB) 



78 


dB 

Aperture Delay Time 



-5 


ns 

Aperture Jitter 



2 


ps rms 

Analog Input Bandwidth (-3dB) •• 






Small Signal 

-20dB Input 


70 


MHz 

Full Power 

OdB Input 


40 


MHz 

Overload Recovery Tjirie: • v 

2x Full-Scale Input 


TBD 


ns 

| OUTPUTS ( 

Logic Family • 


1 

TTL Compatible 



Logic Coding 

Logic Selectable 

Two's Complement or Inverted Two’s Complement 

|E Si 

Logic Levels 


+0.8 

TTL 

+2.4 

■■ 

EOC Delay Time 

Data Out to DV 


TBD 



| POWER SUPPLY REQUIREMENTS | 

Supply Voltages: +V K 

Operating 

+14.25 

+15 

+15.75 

V I 

-Vcc 


-14.25 

-15 

-15.75 

V 

+Voo, 


+4.75 

+5 

+5.25 

V 

-Voo, 


-4.95 

-5.2 

-5.46 

V 

Supply Currents: +1^ 

Operating 


TBD 


mA 

_, cc 



TBD 


mA 

+, D01 



TBD 


mA 




TBD 


mA 

Power Consumption 

Operating 


6.5 


W 


NOTES: (1) FSR: Full-Scale Range = 2.5Vp-p. (2) Units with tested and guaranteed distortion specifications will be available. (3) dBc = level referred to carrier- 
input signal (=■ OdB); F « input frequency; F s » sampling frequency. (4) IMD is referred to the larger of the two input test signals. If referred to the peak envelope 
signal (= OdB), the intermodulation products will be 6dB lower. 
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MECHANICAL 


H Package — Metal and Ceramic 



7TTTTTTTTTTTTTTTTTTO x=t f 
I I / \ l n ' 

I— F-J I-*- D ^ Standoff Ny — Soatini 


Standoff 
(4 PI) 


- Seating Plane : 


m 

■MUB 

wrmwxtm 

m 

B 

EB1 

EM 

iV.vH 

m 

B5S1 

EEJ 

IftETil 

EE1 

HDH 

KEZa 

iEU 

EH 

EEl 

B 

EM 

EM 

EM 

EM 

B 


EEBEBS3 

B 

KEESai 

EEM 

M 

EM 

Ba 


EM 


EM 

EM 

mrm 

EM 

ESI 

wmm m 

mmmm 

wm 


EM 

ESI 

MWM 

mm 

K^MH 


EM 





NOTE: Leads in true 

position within 0.01" 

(0.25mm) R at MMC 
at seating plane. Pin 

numbers shown for 

reference only. 
Numbers may not 
be marked on 
package. 


PIN ASSIGNMENTS 


1 

Common (Case) 

46 

Common (Analog) 

2 

DNC 

45 

AnatogSignal In 

3 

+V*,, (+5V) Analog 

44 

+V CC (+15V) Analog %. 

4 

S/HOut 

43® 

~ v cc H^V) Analog 

5 

A/D In 

42 

\NC - 

6 

-V^ (-5.2V) Analog 

I 41 

NC 

7 

Bit 13 

mm& 

. NC T : i'll" 

8 

Bit 14 (LSB) 

'"mm* 

ONC 

9 

Bit 1 (MSB) 

38.. 

ONC : 

10 

Bit 2 

i:i®::..37 

Gain Adjust 

11 

Bit 3 

mm. 

Offset Adjust 

12 

Bit 4 

•v>:35 

Common (Analog) 

13 

Bit 5 . 

®il® 

l+V^ (+15V) Analog. : 

14 

Bit 6:=: ’ l®:® 

331 

-V^HSV) Analog 

15 

Bit 7 

mm " ; * 

! : Common (Analog): ; . 

16 

Bit 8 

wmk. 

-Vxxx (-5 2V) Digitai •= :. 

17 

Bit 9 

"Wim 

; +VDO, (+5Y) Analog |§ : | 

18 

Bit 10 

K 29 

1 Pipeline D^ :: Sctoi^? 

19 

Bit 11 

1:128 

0 Pipeline Delay Select 

20 

Bit 12 

W 27 

Output Logic Invert 

21 

+V.JO, (+5V) Digital 

26 

Common (Digital) 

22 

Data Valid Output'll 

25 

Tn-$tate Enable 

23 

Common (Digital) 

241 

... Convert Command. In llllll 


ORDERING INFORMATION 


A0C614 ( ) H 


Basic Mpdtel ;Number - 


Performance Grade Code - 


J 


J, Ki-0°c tOSiTO'G Case Tempemture 
PackageCodel 


;H: Metal and Ceramic: : 


I ABSOLUTi MAXIMUM RATINGS 


1%. £. ±16.5V 

- ” +7V 

....^:. -7V 

Analpg Input ±5V 

:l| 9 gic Input -0.5V to +y ODt 

Case Temperature +125°C 

Junction Temperature +165°C 

Storage Temperature ......65°C to +165°C 

Stresses above these ratings may permanently damage the device. 
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ADC701 

SHC702 


IMPROVED SPECIFICATIONS 
NEW FEATURES 


16-Bit 512kHz 

SAMPLING A/D CONVERTER SYSTEM 


FEATURES 

9 CONVERSION RATE: to 512kHz over temp 
9 NO MISSING CODES AT 16 BITS 

• SPURIOUS-FREE DYNAMIC RANGE: 107dB 
9 LOW NONLINEARITY: ±0.0015% 

9 SELECTABLE INPUT RANGES: ±5V, ±10V, 
0 to +10V, 0 to +5V, -10V to 0 

• LOW POWER DISSIPATION: 2.8W Typical 
Including Sample/Hold 

9 METAL AND CERAMIC DIP PACKAGES 

DESCRIPTION 

The ADC701 is a very high speed 16-bit analog-to- 
digital converter based on a three-step subranging archi- 
tecture. Outstanding dynamic performance is achieved 
with the SHC702 companion sample/hold amplifier. 
Both devices use hybrid construction for applications 
where reliability, small size, and low power consump- 
tion are especially important. 


APPLICATIONS 

• MEDICAL IMAGING 

• SONAR 

• PROFESSIONAL AUDIO RECORDING 

• AUTOMATIC TEST EQUIPMENT 

• HIGH PERFORMANCE FFT SPECTRUM 
ANALYSIS 

9 ULTRASOUND SIGNAL PROCESSING 

• HIGH SPEED DATA ACQUISITION 

• REPLACES DISCRETE MODULAR ADCs 


Excellent linearity and stability are assured through use 
of a new ultra-precise monolithic D/A converter and a 
low-drift reference circuit. Custom monolithic op amps 
provide very high bandwidth and low noise in all 
sections of the analog signal path. Logic is CMOS/TTL 
compatible and is designed for maximum flexibility. 



6 Convert Command 
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SPECIFICATIONS 


ELECTRICAL (ADC701 ONLY) 

T a = +25°C, 500kHz sampling rate, ±V CC = ±15V, ±V DD) = ±5V, +V DD2 = +5V, and five minute warmup in a convection environment, unless otherwise noted. 




ADC701JH 

ADC701KH 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 




16 



* 

Bits 

INPUTS | 

ANALOG 









Voltage Ranges 

Unipolar 


Oto +5,0 to +10, -10 toO 


v 


Bipolar 



±5, ±10 



v 

Resistance 

0 to +5V Range 

2.45 

2.5 

2.55 

* 

* 

* 

kO 


0 to +1 0V, -1 0 to 0, ±5V Ranges 

4.9 

5 

5.1 

* 

* 

* 

kQ 


±10V Range 

9.8 

10 

10.2 

* 

* 

* 

kQ 

Capacitance 

All Ranges 


5 



* 


PF 

DIGITAL 









Logic Family 



TTL-Compatible CMOS 



Convert Command 

Start Conversion 



Rising Edge 




Pulse Width 

t = Conversion Period 

50 


t — 50 

\J 

1 

* 

ns 

TRANSFER CHARACTERISTICS j 

ACCURACY 

Gain Error*' 1 

0 to +10V Range 


±0.03 

±0.1 




% 


±10V Range 


±0.03 

±0.1 



■ * 

% 

Power Supply Sensitivity of Gain 

All Ranges, All Supplies 


±0.005 

±0.1 



* 

%/V 

Input Offset Error*'* 

0 to +10V Range 


±1 

±3 



* 

mV 


±10V Range 


±5 

±10 



* 

mV 

Power Supply Sensitivity of Offset 

All Ranges, All Supplies 


±0.006 

±0.1 



* 

%FSR/V 

Integral Linearity Error* 2 * 



±0.002 

±0.003 


±0.0012 

* 

%FSR* 3 > 

Differential Linearity Error* 2 * 



±0.0006 

±0.0012 


* 

* 

%FSR 

No Missing Codes 


Guaranteed 

Guaranteed 


Noise 

^SOURCE “ 500 


0.6 




• 



LSB rms 

CONVERSION CHARACTERISTICS | 

Sample Rate 

Unadjusted 

DC 


512 

* 


* 

kHz 

Conversion Time 14 * 

Unadjusted 


1.45 

1.5 


* 

* 

\iS 

| OUTPUTS | 

DIGITAL 



1 






Logic Family 



TTL-Compatible CMOS 



Data Coding 

Unipolar Ranges 



Straight Binary 





Bipolar Ranges 



Offset Binary 




Logic “0" Levels (V^) 

l OL < 3.2mA 


0.1 

0.4 


, * 

* 

V 

Logic “1" Levels (V 0H ) 

Ioh ^ 80jiA 

4 

4.9 


* 

* 


V 

Data Valid Setup Time Before Strobe 

Both Edges 

28 

37 


* 

* 


ns 

INTERNAL REFERENCE 

Voltage 

fWSkQ 

+9.995 

+10.000 

+10.005 


.. 


V 

Current Available to External Loads 

2 

5 


* 



mA 

| POWER SUPPLY REQUIREMENTS | 

Supply Voltages: +V CC 

Operating 

+14.25 

+15 

+15.75 


* 


V 

~ V CC 

• 

-14.25 

-15 

-15.75 


* 


V 

+V D0! 


+4.75 

+5 

+5.25 


* 


V 

-v 00 , 


-4.25 

-5 

-6 


* 


V 

+V Doa 


+4.25 

+5 

+5.25 


* 


V 

Supply Currents: +l cc 

Operating 


25 

30 


* 

* 

mA 

-'cc 



33 

45 


* 


mA 

+ , 0D1 



45 

55 


* 


mA 




37 

50 


* 


mA 




133 

150 


* 

* 

mA 

Power Dissipation 

Nominal Voltages 


1.95 

2.3 


* 

* 

W 

| PERFORMANCE OVER TEMPERATURE | 

Specification Temperature Range 

T a Min to T a Max 

+15 


+55 

0 


+70 

°C 

Gain Error 

All Ranges 


±10 

±15 



* 

ppm/°C 

Input Offset Error 

All Unipolar Ranges 


±1 

±5 



* 

ppm FSR/°C 


All Bipolar Ranges 


±1 

±5 



* 

ppm FSR/°C 

Integral Linearity Error* 2 * 



±0.2 




±0.5 

ppm/°C 

Differential Linearity Error* 2 * 



±0.05 




±0.3 

ppm/°C 

No Missing Codes 



Typical 


Guaranteed 


Reference Output Drift 



±3 



* 


ppm/°C 

Drift of Conversion Time 

Unadjusted 


+3 

+4 


* 

* 

ns/°C 

Sample Rate 

Unadjusted 

DC 


512 

* 


* 

kHz 


* Same specifications as ADC701JH. 
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SPECIFICATIONS 

ELECTRICAL (SHC702 ONLY) 

T a = +25°C, 500kHz sampling rate, ±V CC = ±15V, +V DD , = +5V, and five minute warmup in a convection environment, unless otherwise noted. 


PARAMETER 

CONDITIONS 

SHC702JM 

UNITS 

MIN 

TYP 

MAX 

INPUTS (Without Input Buffer) | 

ANALOG 






Voltage Range 


±10.25 

±11 


V 

Resistance 


0.98 

1 

1.02 

kQ 

Capacitance 



3 


PF 

DIGITAL 






Logic Family 



LSTTL 



Input Loading 


__ 

2 


LSTTL Loads 

TRANSFER CHARACTERISTICS | 

ACCURACY 






Gain 

^SOURCE ~ 


-1 


V/V 

Gain Error 



±0.02 

±0.1 

% 

Linearity Error 

Sample Mode 


±0.0003 


%FSR 

Offset Error 

Sample Mode 


±0.5 

±3 

mV 

Charge Offset (Pedestal) Error 

Sample/Hold Mode, R source s 50Q 


±0.5 

±5 

mV 

Droop Rate 

Hold Mode 


±0.2 

±2 

pV/ps 

Dynamic Nonlinearity 

Sample/Hold Mode 


±0.0005 


%FSR 

Power Supply Sensitivity 

Offset Plus Charge Offset, All Supplies 


±0.003 


%FSR/V 

DYNAMIC CHARACTERISTICS j 

Acquisition Time 

10V Step to ±150pV 


600 


ns 


5V Step to ±150pV 


500 


ns 

Sample-to-Hold Settling Time' 5 ' 

to ±150pV 


120 


ns 

Aperture Delay Time 



20 


ns 

Aperture Uncertainty (Jitter) 



10 

25 

ps rms 

Slew Rate 



150 


V/ps 

Small Signal Bandwidth 

< 

ii 

i+ 

< 


3.1 


MHz 

Full-Power Bandwidth 

V 1N = ±10V 


2 


MHz 

Feedthrough Rejection 

Hold Mode, lOVp-p Square Wave Input 


0.001 


% 

OUTPUT | 

Voltage Range 

f\oAD*1ka 

±10.25 

±11 


V 

Output Current 


±40 



mA 

Short Circuit Protection 



Indefinite 



Output Impedance 

DC 


0.01 

0.1 

Q 

INPUT BUFFER CHARACTERISTICS | 

INPUT 






Impedance 



10 13 11 3 


allpF 

Bias Current 

V, N = ±10V 


±2 

±15 

pA 

Offset Voltage 



±0.3 

±1.5 

mV 

Voltage Range 


±10.25 

±11 


V 

DYNAMIC CHARACTERISTICS 






Slew Rate 


20 

35 


V/ps 

Full-Power Bandwidth 

V^itOV 


570 


kHz 

Settling Time 

10V Step to ±1 50pV 


1.7 


ps 

OUTPUT 






Output Current 


±15 

±20 


mA 

Short Circuit Protection 



Indefinite 



POWER SUPPLY REQUIREMENTS | 

Voltage: +V CC 

Operating 

+13.5 

+15 

+16.5 

V 

-V cc 


—13.5 

-15 

-16.5 

V 

+V 0D1 


+4.75 

+5 

+5.25 

V 

Current: +l cc 

Operating 


33 

40 

mA 

-'cc 



18 

25 

mA 




5 

10 

mA 

Power Dissipation 

Nominal Voltages 


790 

950 

mW 

PERFORMANCE OVER TEMPERATURE | 

Specification Temperature Range 

T a Min to T A Max 

0 


+70 

°C 

Sample/Hold Gain Error 



±1 

±5 

ppm/°C 

Sample/Hold Offset Error 



±10 

±30 

pV/°C 

Sample/Hold Charge Offset Error 



±10 

±80 

pV/°C 

Droop Rate 




±50 

pV/ps 

Buffer Offset Error 

Rsource SlOkG 


±3 

±15 

pV/C 


NOTES: (1) Adjustable to zero. Tested and guaranteed for 0 to +10V and±10V ranges only. (2) Peak-to-peak based on 99.9% of all codes. (3) FSR means full- 
scale range and depends on the input range selected. (4) ADC conversion time is defined as the time that the Sample/Hold must remain in the Hold mode; i.e., the 
duration of the Sample/Hold command. This time must be added to the Sample/Hold acqusition time to obtain the total system throughput time. (5) Given for reference 
only — this time overlaps with the ADC701 conversion time and does not affect system throughput rate. 
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SPECIFICATIONS 


ELECTRICAL (COMBINED ADC701/SHC702) 

T a = +25°C, 500kHz sampling rate, ±V CC = ±1 5V, ±V DD1 = ±5V, +V D02 = +5V, and five minute warmup in a convection environment, ±5V input range unless otherwise noted. 


PARAMETER 

CONDITIONS 


TYP 

MAX 

UNITS 

Sample Rate 

Unadjusted 

DC 


512 

kHz 

Dynamic Nonlinearity 



±0.002 


%FSR 

Total Harmonic Distortion (THD) 

f IN = 20kHz (-0.3dB) 


0.00068 


% 


f IN = 199kHz (-0.2dB) 


0.0078 


% 

Spurious-Free Dynamic Range (SFDR) 

f IN = 20 kHz (-0.3dB) 


107.1 


dB 


f )N = 199kHz (-12dB) 


93.8 


dB 

Two-Tone Intermodulation Distortion (IMD) 

f, = 195kHz (-6.5dB), f 2 = 200kHz (-6.5dB) 


-81.4 


dBC 


f, = 195kHz (-12.5dB), fF 2 = 200kHz (-12.5dB) 


-86.2 


dBC 

Signal-to-Noise-Ratio (SNR) 

= 5kHz (-0.5dB) 


93 


dB 

Total Power Dissipation 

Operating 


2.8 

3.25 

W 


ADC701 MECHANICAL 


H Package — Metal and Ceramic 



KM! 


im 

MIN 

MAX 

MIN 

MAX 






mm 

1.080 

1.100 

27.43 

27.94 

mm 

K9I 



■za 

mm 

■EUBH 


mm 

HESSE£3HI 


G 

.100 TYP 

2.54 TYP 

H 



J 


0.51 BASIC 

pm 

.205 BASIC 

5.21 BASIC 

n 

.900 BASIC 

22.86 BASIC 

In 

.015 | -035 

0.38 | 0.89 


NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not 
be marked on 
package. 



ADC701 PIN ASSIGNMENTS 


1 

Bit 1/9 (Bit 1 = MSB) 

40 

-V D01 (-5V) Analog 

2 

Bit 2/10 

39 

Common (Analog) 

3 

Bit 3/1 1 

38 

+V D01 (+5V) Analog 

4 

Bit 4/12 

37 

Reference (Gain) Adjust 

5 

Bit 5/13 

36 

+10V Reference Output 121 

6 

Bit 6/14 

35 

Common (Reference) 

7 

Bit 7/15 

34 

DNC 

8 

Bit 8/16 

33 

Common (Analog) 

9 

Clip Detect Output 

32 

+10V Reference Input* 21 

10 

+ V 0D2 ( + 5V) Digital 

31 

Input D <» 

11 

Common (Digital) 

30 

Input C* 1 ' 

12 

Data Strobe 

29 

Common (Signal) 

13 

High/Low Byte Select 

28 

Input B «’> 

14 

Convert Command 

27 

Input A 

15 

Sample/Hold Control* 31 

26 

-V CC (-15V) Analog 

16 

Common (Digital) 

25 

Common (Power) 

17 

Common (Digital) 

24 

+V CC (+15V) Analog 

18 

Clock Adjust 

23 

DNC <4) 

19 

Common (Digital) 

22 

Offset Adjust 

20 

+V DD2 (+5V) Digital 

21 

Offset Adjust 


NOTES: (1) Refer to Input Connection Table. (2) Reference Input is normally 
connected to Reference Output, unless an external 10V reference is used. (3) 
Sample/Hold Control goes high to activate Hold mode. (4) DNC = Do Not 
Connect. 


ADC701 ORDERING INFORMATION 


ADC701 ( ) H 

Basic Model Number — — - — ^ 

Performance Grade Code 

K: 0°C to +70°C Ambient Temperature 
J: +15°C to +55°C Ambient Temperature 

Package Code 

H: Metal and Ceramic 


ADC701 ABSOLUTE MAXIMUM RATINGS 


+v 

+1fiV 

+ vl , +V 

+7V, +7V 

Analog Input 

±V CC 

-0.5V to (+V nrv ,+ 0.3V) 

Logic Output 

Case Temperature 

Junction Temperature 

Storage Temperature 

+150°C 

+165°C 

-65°C to +165°C 

Pnwar Divination 

3W 

Stresses above these ratings may permanently damage the device. 
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ADC701 OUTPUT CODING 



SHC702 MECHANICAL 



SHC702 PIN ASSIGNMENTS 


SHC702 ORDERING INFORMATION 


1 Sample/Hold Output 

2 NC (3) 

3 NC 

4 NC 

5 NC 

6 NC 

7 NC 

8 NC 

9 +V 0D) (+5V) Analog 

10 Common (Digital) 

11 Hold Input 111 


24 +V CC (+15V) Analog 

23 Common (Power) 
22 -V cc (-15V) Analog 
21 Common (Analog) 
20 NC 
19 NC 
18 NC 

1 7 Buffer Amp Input* 2 ’ 
16 NC 

1 5 Common (Signal) 

14 Buffer Amp Output 




SHC702 J M 


Basic Model Number 

Performance Grade Code 

J: 0°C to +70°C Ambient Temperature 

Package Code 

M: Metal 


SHC702 ABSOLUTE MAXIMUM RATINGS 


12 Hold Input*” 13 Analog Input j 

NOTES: (1) Hold mode is activated only when pin 12 is low and pin 1 1 is high. 
For normal use with ADC701, pin 12 is grounded and pin 11 is connected to 
ADC701 Sample/Hold control (ADC701 pin 15). (2) If the buffer amp is not used, 
pin 1 7 should be grounded. (3) NC = No Internal Connection. 


+v 

±1 8 V 

+V w> 

4.7V 

Analog and Buffer Inputs 

±\/ 

Outputs 

LL* 

Logic Inputs 

-0.5V to (+V nn + 0.3V) 

Case Temperature 

+150°C 

Junction Temperature 

+1 65°C 

Storage Temperature 

-€5°C to +1 65°C 

Power Dissioation 

1 5W 

1 Stresses above these ratings may permanently damage the device. I 
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Amplitude (dB) Amplitude (dB) 
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TYPICAL DYNAMIC PERFORMANCE (ADC701/SHC702) 



Input Frequency 
Fundamental -0.3 dB 
2nd Harmonic -107.5 dB 
3rd Harmonic -1 1 1 .5 dB 


19.9890136719 kHz 
4th Harmonic -115.6 dB 

5th Harmonic -111.2 dB 

6th Harmonic -124.5 dB 


Input Frequency 
Fundamental -0.7 dB 

2nd Harmonic -81 .4 dB 

3rd Harmonic -89.4 dB 


199.005126953 kHz 
4th Harmonic -1 1 1 .5 dB 

5th Harmonic -97.0 dB 

6th Harmonic -112.5 dB 


TWO-TONE INTERMODULATION RESPONSE, 

FULL-SCALE SINEWAVE RESPONSE, f IN = 200kHz f IN = 195kHz and 200kHz 



0 50 

100 

150 200 250 

0 

50 100 

150 

200 250 


Frequency (kHz) 


Frequency (kHz) 


Input Frequency 

100.982666016 kHz 


Frequency 1 

194.976806641 kHz 

Fundamental 

-0.5 dB 

4th Harmonic -102.5 dB 


Frequency 2 

199.981689453 kHz 

2nd Harmonic 

-89.1 dB 

5th Harmonic -110.2 dB 

f, 

-6.8 dB 

3> f,+2f 2 

-96.0 dB 

3rd Harmonic 

-90.5 dB 

6th Harmonic -106.8 dB 

f 2 

-6.3 dB 

4> 2f,+f 2 

-96.8 dB 




1> f,+f 2 

-87.7 dB 

5> f,-2f 2 

-104.9 dB 




2> f -f 2 

-88.8 dB 

6> 2f.-f, 

-109.0 dB 


NOTE: For figures above, sampling rate = 500.0000000000kHz. 16,384 point FFT, non-windowed. Noise floor limited by synthesized generators. 




Codes 
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THEORY OF OPERATION 

The ADC701 uses a three-step subranging architecture, 
meaning that the analog-to-digital conversion is performed 
in three passes which constitute coarse, medium and fine ap- 
proximations of the input signal. Refer to Figures 1 and 2 for 
simplified block diagrams of the system. 

Before the input signal is presented to the ADC, it must be 
sampled with high linearity and low aperture error by the 
sample/hold amplifier. 

In the SHC702, the sampling switch is placed at the summing 
junction (virtual ground) of a high speed FET amplifier 
(Figure 1). This arrangement maintains constant charge in- 
jection independent of the signal amplitude, which is criti- 
cally important for good linearity performance. The sam- 
pling switch itself is a high speed DMOS FET whose gate is 
driven from a fast-slewing control signal, thus minimizing 
the time aperture between the fully closed (sample mode) 
and the fully open (hold mode) states of the switch. The 
signal voltage is held across the feedback capacitor, forcing 
the op-amp to maintain a constant output voltage for the 
duration of the A/D conversion. Feedthrough from the input, 
already low due to the MOSFET’s low capacitance, is further 
reduced by clamping the summing point to ground with 
another FET. 


The ADC701 input voltage is converted to a current through 
the input scaling resistors (Figure 2), and this current is 
applied to the summing junction (virtual ground) of error 
amplifier A r The current output of the DAC (0 to 2mA) is 
also applied to the summing point. If bipolar operation is 
selected, the 10V reference output is applied to input D, 
creating a 1mA offset current which sums with the input 
current. 



FIGURE 1 . Simplified Block Diagram of the SHC702. 


Ref Ref Input Input Input Input 

Out In C D A B 



ADC Convert Hold Data 

Output Command Command Strobe 


FIGURE 2. Simplified Block Diagram of the ADC701. 
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At the beginning of each conversion, the DAC is reset to mid- 
scale so that its output current is exactly 1mA. This 1mA is 
subtracted from the input signal current. The difference cur- 
rent flows through Rf and appears as an error voltage at the 
output of A r 

During the first pass, the programmable gain amplifier 
(PGA) is set to unity gain, which matches the error voltage 
range to the input range of the flash ADC. The error signal 
is digitized to 7-bit resolution by the flash ADC, creating a 
coarse approximation of the digital output value, which is 
then applied to the DAC. 

Since the DAC output is now approximately equal to the 
input signal current, the remaining difference current flow- 
ing through Rf is small — ideally less than 1/128 of full scale, 
which is due to the built-in quantizing uncertainty of the 7- 
bit flash ADC. However, other sources of error (e.g., integral 
and differential nonlinearity of the flash ADC, gain and 
offset of the PGA, settling and noise errors throughout the 
signal path) cause the possible error range to be significantly 
greater. In fact, the ADC701 is designed to handle remainder 
signals up to 1/32 of full scale, which is four times the “ideal” 
value. 

Therefore, the PGA is set during the second pass to a gain of 
32, allowing the small remainder signal to match the full 
range of the flash ADC. This is again digitized to 7-bit 
resolution and added to the previous result to create the 
“medium” approximation of the input signal. Because the 
full-scale range of the flash represents 1/32 of the input 
signal’s full range, the 7-bit flash output is shifted right by 5 
bits before being added to the original 7-bit “coarse” result, 
creating a 12-bit word. There is an overlap of two bits 
because the two least significant bits of the first-pass result 
correspond to the two most significant bits of the second- 
pass result. This overlap in the adder is called “digital error 
correction” — the mechanism that allows nonideal remain- 
ders from the first pass to be corrected in the second pass. 

The 12-bit approximation is applied once again to the DAC, 
causing the remaining difference current to become yet 
smaller. For the third pass, the PGA’s gain is increased by 
another factor of 32, and the remainder is again digitized by 
the flash ADC. 

At this point in the conversion, all of the necessary data has 
been latched and it is no longer necessary to hold the analog 
signals from the sample/hold or the DAC. From a systems 
perspective, the conversion is now complete because the 
sample/hold is released to begin acquiring the next input 
sample and the DAC is reset to mid-scale for the next con- 
version. Meanwhile, the final result from the flash is added 
to the previous 12-bit result. Again there is a two-bit overlap 
to allow for error correction. The adder output is monitored 
to prevent a digital “rollover” condition, so that the ADC 
clips properly at the signal extremes. The upper sixteen bits 
of the final adder result are stored in the ADC’s output 
register, ready to be presented in byte-sequential form at the 
eight output data lines. The overrange or “clip” condition can 
also be detected externally by monitoring pin 9. Refer to the 
section on ADC701 Digital I/O for further detail. 


INSTALLATION AND 
OPERATING INSTRUCTIONS 

The ADC701/SHC702 combination is designed to be easy to 
use in a wide variety of applications, without sacrificing 
flexibility of the analog and digital interface. 

SHC702 INTERFACE 

The connection diagram (Figure 3) shows the basic hookup. 
At the SHC702 input, the user may opt to connect the built- 
in FET buffer amplifier. The buffer is most useful in multi- 
channel applications where the signal bandwidth is less than 
100kHz. In those applications, it serves to isolate the multi- 
plexer output from the lkflt input impedance of the sample/ 
hold. For higher frequency applications and for any system 
that does not require the very high impedance, the best results 
(lowest noise and distortion) will be achieved by driving the 
SHC702’s analog input directly. If the buffer is not used, its 
input should be grounded to avoid random noise pickup and 
saturation of the buffer op-amp. 

Only two connections are required between the SHC702 and 
the ADC701: SHC702 analog output to ADC701 input(s) 
and the digital Hold Command from the ADC701 to the 
SHC702. As always, it is best to avoid routing these analog 
and digital lines along parallel traces. Although the place- 
ment of the SHC702 relative to the ADC is not extremely 
critical, one good approach is to mount the SHC along one 
end of the ADC package as shown in Figure 4. This 
minimizes the length of the interconnections and keeps the 
digital lines well away from sensitive analog signals. 

ADC701 INPUT CONNECTIONS 

The ADC input network has four separate terminals, allow- 
ing many different input ranges. These should be connected 
as indicated in Table I. Most users will take advantage of the 
ADC701’s built-in reference circuit, which has very low 
noise and excellent temperature stability. To use the internal 
reference, it is only necessary to connect pin 36 (Reference 
Output) to pin 32 (Reference Input). To use an external 10V 
reference (to cause the ADC gain to track a system reference, 
for example), pin 36 is left unconnected and the external 
reference is applied to pin 32. If required, the ADC701 will 
typically accommodate a five to ten percent variation in the 
10V reference. External references should have very low 
noise to avoid degrading the excellent signal-to-noise ratio 
(SNR) of the ADC701. 


INPUT RANGE 

CONNECT V IM TO 

CONNECT Ref In TO 

0 to +10V 
±10V 
±5V 

-10V toO 

0 to +5V 

Input A and Input D 
Input A 

Input A and Input B 
Input A and Input B 
Input B and Input C 

Input D 

Input D 

Input C and Input D 


TABLE I. ADC701 Input Connection Table. 
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+15V -15V +5V 



Bit Bit Bit Bit Bit Bit Bit Bit Bit Bit Bit Bit Bit Bit Bit Bit Clip 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Detect 


(Latched) 

NOTES: (1) For lowest distortion at high input frequencies the non-buffered option should be used. If the buffer is not used, its input should be grounded. (2) 
Shown connected for±5V input range. Refer to Input Connection Table for other options. (3) If the Clip Detect feature is used, then the signal may be latched with 
a simple D type flip-flop as shown. See the section on ADC701 Digital I/O for additional applications information. (4) The second octal flip-flop is recommended 
but optional — it provides added digital signal isolation and buffering, and also permits three-state logic output compatibility. (5) All commons should be connected 
to the analog ground plane. Refer to the section on "Power and Ground Connections." (6) The Offset Adjust circuit shown provides an adjustment range of 
approximately ±0.25% FSR. 




FIGURE 3. ADC701/SHC702 Connection Diagram. 
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OFFSET, GAIN AND CONVERSION 
SPEED ADJUSTMENTS (OPTIONAL) 

Adjustment of the reference voltage is the most straightfor- 
ward way to adjust the ADC gain. For the internal reference, 
this is accomplished by connecting a 20kH potentiometer as 
shown in Figure 3. This will provide a gain trim range of 
about ±3%. It is also possible to use external series or parallel 
resistance in the input network, but that is more cumbersome 
and usually will degrade the gain stability over temperature 
due to tempco (temperature coefficient) mismatches among 
the resistors. 

ADC offset may be adjusted by connecting a 500k£2 poten- 
tiometer to pins 21 and 22, with the wiper connected through 
a series 30kQ resistor to ground as shown in Figure 3. This 
will provide an offset trim range of approximately ±0.25% 
FSR. For a larger trim range of offset or gain, it is recom- 
mended that trims be accomplished elsewhere in the system. 

The Clock Adjust input (pin 18) is intended primarily for 
small adjustments of the conversion time. However, this will 
rarely be necessary because the ADC701 is guaranteed to 
convert up to 512kHz over the specified temperature range 
without external clock adjustment. 

POWER AND GROUND CONNECTIONS 

Experience with testing and applying the ADC701 shows 
that it will perform well in most board layouts, provided that 
appropriate care is taken with grounding and bypassing. 

Power supplies may be shared between the ADC701 , SHC702 
and other analog circuitry without difficulty. It is recom- 
mended that each power pin be locally bypassed to the 
ground plane with a high quality tantalum capacitor of at 
least l|iF. If at all possible, power should be derived from 
well-regulated linear supplies — switching power supplies 
will require much more effort for proper decoupling and are 
not recommended for this or any high performance wide- 
band analog system. 

The +5 V Digital supply pins, though not as sensitive to noise 
as the +5V Analog pin, should nonetheless be kept as quiet 
as possible. If the system digital supply is noisy, then it is 
best to use the system +5V analog supply for all of the +5V 
connections on the ADC701 and SHC702 rather than trying 
to separate them. If only one +5 V supply is available and it 
is shared with other system logic, then extra bypassing and/ 
or supply filtering may be required. 

The -5 V supply will operate with any voltage between -4.75 
and -6V. If -5V is not available from the system supplies, 
then an industry-standard 7905 regulator may be used to 
derive -5V from the -15V supply. 

All ground pins on both the ADC701 and the SHC702 
should be connected directly to a common ground plane. 
This is tme for both analog and digital grounds. However, it 
is also helpful to recognize where the digital ground currents 
flow in the system, and to provide PC board return paths for 


potentially troublesome digital currents in addition to the 
ground plane connections. For example, the ADC701 output 
data lines will sink current (statically and/or dynamically) 
when in the low state. This current comes from the power 
supply that runs the interface logic, and so must return to that 
supply’s ground. If the ground termination is placed such that 
this digital current will flow away from the ADC701, then 
the existing ground plane will suffice to carry the current. On 
the other hand, if the ground termination must be placed such 
that the digital current flows across the ADC or SHC layout, 
then it would be advisable to break the analog ground plane 
under the package (to stop the flow of current across the 
package) and to provide a separate trace (several centimeters 
wide) on another PC board layer to carry the digital return 
current from pins 1 1 and 19 to the termination point. If the 
ADC701 must interface into a fairly noisy digital environ- 
ment, then another approach is to keep the first layer of 
latches and/or buffers connected to the ADC701 power and 
ground planes, so that the ADC itself is connected to “quiet” 
circuits with short return paths. This transfers the interface 
problem to the outputs of the latches, where it can be 
managed with less impact on the analog components. 

PHYSICAL INSTALLATION 

The packages may be soldered directly into a PC board or 
mounted in low-profile machined pin sockets with good 
results. Use of tall (long lead length) sockets, adapters or 
headers is not recommended unless a local ground plane and 
bypass capacitors can be mounted directly under the pack- 
ages. 

In a room-temperature environment or inside an enclosure 
with moderate airflow, the ADC701 and SHC702 normally 
do not require heat-sinking. However, to keep the devices 
running as cool as possible, it is helpful to install a thin heat- 
transfer plate under the packages to conduct heat into the 
ground plane. The plate may be made from metal (copper, 
aluminum or steel) or from a special heat-conductive mate- 
rial such as Sil-Pad (1) . The Sil-Pad material has the advantage 
of being electrically insulating and somewhat pliable, so that 
it will tend to distribute pressure evenly and conform to the 
package— an advantage in systems where the board may be 
flexed or subjected to vibration. 

PC BOARD LAYOUT EXAMPLE 

Figure 4 is an example of a printed circuit layout that 
integrates the ADC701 and SHC702 into a four-layer PC 
board. The layout shown includes jumper options to set the 
ADC input range, and shows placement of the optional offset 
and gain adjust potentiometers. Note that the ground plane 
layer is on the component (top) side, which shields the 
components from digital signals on other layers and provides 
the possibility of using a simple heat sink plate as described 
above. 


9.2-146 


Burr-Brown IC Data Book Supplement, Vol. 33b 



Or, Call Customer Service al 1-800-548-6132 (USA Only) 


LAVER 1 (TOP) — ANALOG GROUND PLANE 


LAYER 2 — ±15V POWER PLANES 


Range Select 
Jumpers ; ^ 


@ @ Bypass Capacitors — 
0 ® Square pad is Positive 

f § ® ® ® @ @ @.® 0 ' I : : : 


@ ® ® ® ® ® §®§ 1 


Offset I ® 
Adjust 


Gain ® 
(Reference) ® 
Adjust 1—^. 

: «8>0. 


O . 
<§> 

<=> 

O 
!0 
O' 
o v 
o • 

•o 

:® Pint: 



LAYER 3 — ±5V POWER PLANES 


LAYER 4 (BOTTOM) — SIGNAL LAYER 


moOOOOOOGQOOM 


G0OOOOOOGOOC 


OOOOOOOOCOOO 


O , xYYf 

mm 
00:0: 
:oo |g| 


O 0 
O Q 

+5V PLANE : Pv_3£l 



OGOOOOOOOGO 

Hold Command 


Convert Command 


+10V o 

Ref Out 



ADC Data Outputs 


FIGURE 4. Example of Four-Layer PC Board Layout. 
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ADC701 DIGITAL I/O 

Refer to the timing diagram, Figure 5. The conversion 
process is initiated by a rising edge on the Convert Command 
input. This will immediately bring the sample/hold com- 
mand output to a logic high state (Hold mode). 

After the ADC701 conversion is completed (approximately 
1.5p.s after the convert command edge), the Sample/Hold 
Command falls to a low state, enabling the sample/hold to 
begin acquisition of the next input sample. However, the 
ADC701 internal clock continues to run so that the output 
data may be processed. 

There are two methods of reading data from the ADC: 

1. Strobed Output — This will usually be the easiest and 
fastest method. The data are presented sequentially as 
high and low bytes of the total 16-bit word. The sequence 
High-Low or Low-High is controlled by the state of the 
High/Low Byte Select input. The first byte is valid on the 
rising edge of the Data Strobe output; the second byte is 
valid on the falling edge. 

2. Polled output — With this method, data strobes will occur 
as described above, but they are ignored by the user. 
Instead, the user waits until the Data Strobe output falls, 
and then manually selects high and low output data by 
means of the High/Low Byte Select input. This polling 
procedure may be carried out during the subsequent ADC 
conversion cycle, but two precautions must be observed: 
First, the user should avoid switching the High/Low Byte 
Select immediately before or after the next convert com- 
mand. This will prevent digital switching noise from 
coupling into the system at the instant of analog sampling. 
Second, the polling sequence must be completed before 
the ADC begins to strobe out data from the subsequent 
conversion. 


OPTIONS FOR STROBED OUTPUT 

There are several ways in practice to implement the logic 
interface. Figure 3 shows the simplest configurations. In order 
to convert the ADC701’s byte-sequential data into 16-bit 
parallel form, the minimum requirement is for one single octal 
flip-flop, such as a 74HC574 or equivalent. This will latch the 
first byte on the rising edge of the ADC701 Data Strobe. Then 
the second byte becomes valid, and all 16 bits may be strobed 
to the outside system on the falling edge of the Data Strobe. 

For better noise isolation of the ADC701 from the digital 
system, or if full three-state capability is required for the 16 
output lines, a second octal flip-flop can be added as shown in 
the dashed lines of Figure 3. This will also require an inverter 
to convert the falling Data Strobe edge into a rising clock edge 
for the second flip-flop IC. 

If it is desirable to have all 16 output lines change simultane- 
ously (for example when driving a D/A converter), then a third 
octal flip-flop (not shown in Figure 3) may be added to re-latch 
the output of the first byte. By driving that device’s clock also 
from the inverted Data Strobe, fully synchronous switching of 
the 16 output bits will be achieved. 


USING THE CLIP DETECT OUTPUT 

The ADC701 provides a built-in Clip Detect signal on pin 9 
which indicates an ADC overrange or underrange condition. 
The Clip Detect signal is only valid when the High Byte 
becomes valid as shown in Figure 5. Therefore, the simplest 
way to latch the Clip Detect signal is to provide an extra flip- 
flop which is clocked on the same strobe edge as the High Byte 
flip-flop. Such a setup is illustrated in Figure 3. The Clip 
Detect signal remains at logic 0 under normal conditions, and 
indicates a clip condition by rising to a logic 1. 


Start Conversion 
N 


ADC701 

Convert Command 

(CC) 1 


Hold Command 
to SHC702 


Data Outputs for 
Pin 13 = Low 


Data Outputs for 
Pin 13 = High 


Data Strobe Output 


- 50ns min - 


. CC to Hold delay 18ns typ 


. Hold Mode 
1 .45ps typ 


SS- 


Low Byte/ 4 ) 
Data N - 1 


SS- 


High Byte,< 3 > 
Data N - 1 


SS- 

-iS- 


SS- 


- T.55ps typ ■ 


SS- 


Start Conversion 
N + 1 


r 


- Sample Mode - 


X High Byte/ 3 ) \J 

DataN f\ 


Low Byte/ 4 ) 
DataN 


X Low Byte/ 4 ) \ f 
Data N A. 


High Byte/ 3 ) 
DataN 


(1) 


( 2 ) 


* 1 * 

( 1 ) 



_110ns_ 

typ 


NOTES: (1 ) Setup Time 28ns min. 37ns typ. (2) Hold Time 30ns min, 73ns typ. (3) High Byte refers to ADC bits 1-8, the most significant 8 bits. Also, the Clip Detect 
signal on pin 9 is valid simultaneously with High Byte. (4) Low Byte refers to ADC bits 9-16, the least significant bits. 


FIGURE 5. ADC701 Interface Timing Diagram. 
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The latched version of Clip Detect may be used to generate 
an interrupt to the user’s system computer, which would then 
launch a service routine to generate the appropriate alarms or 
corrective action. Another possible application would be to 
stretch the pulse using a monostable so that it would be easily 
visible when driving an LED warning lamp. 

In some systems, it may be desirable to provide separate 
latched outputs for Underrange and Overrange. These condi- 
tions may be separately detected by using simple logic to 
implement the boolean equations: 

Underrange = Clip Detect AND Anybit 

Overrange = Clip Detect AND Anybit 
where “Anybit” is any one of the data output bits. 

The Underrange and Overrange signals would then be 
latched into two separate flip-flops. A simple solution using 
a single ’74 dual flip-flop and a single ’00 quad NAND 
provides enough logic to implement the logic equations, with 
a spare NAND gate left over to use for creating the inverted 
Data Strobe signal. 

USING THE ADC701 AT 
MAXIMUM CONVERSION RATES 

The ADC701 is guaranteed to accept Convert commands at 
a rate of DC to 512kHz over the specified operating tempera- 
ture range. At a conversion rate of 500kHz, the total 
throughput time of 2ps allows for the 1 .5|is ADC conversion 
time plus 500ns for the digital output timing and sample/hold 
acquisition time. 

If the user tries to exceed the maximum conversion rate by a 
large amount, the Convert Command of conversion N+l will 
occur before the Data Strobe has fallen from conversion N. 
In such a situation, the ADC701 will simply ignore every 
other Convert command so the actual conversion rate will 
become half of the Convert command rate. Otherwise, the 
conversion will proceed normally. Note that the ADC timing 
slows down at high temperatures, so the frequency at which 
this occurs will vary with temperature — although it is still 
guaranteed to be greater than 512kHz over the specified 
temperature range. 

Another consideration for operation at very high rates is that 
the sample/hold acquisition time becomes shorter as the 
conversion rate is increased. Users will note that the avail- 
able acquisition time becomes less than 550ns at rates above 
500kHz, which is less than the typical SHC702 acquisition 
time for a 10 V step to 150pV accuracy. However, the signal 
degradation is gradual as the acquisition time is shortened — 
even at 5 12kHz, there is enough time to acquire a 5V step to 
better than 500|iV. Also, most signal processing environ- 
ments do not contain full-power signals at the Nyquist fre- 
quency, but rather show a rolloff of signal power at high 
frequencies. If the ability to acquire extremely large input 
changes at extremely high conversion rates is of paramount 
importance, the user may elect to use a Burr-Brown model 
SHC803 sample/hold instead — it is pin compatible with the 
SHC702 and provides much faster acquisition time at the 
expense of some extra noise and higher distortion at low 
input frequencies. 


TESTING THE ADC701/SHC702 

The ADC701 and SHC702 together form a very high 
performance converter system and careful attention to test 
techniques is necessary to achieve accurate results. Spectral 
analysis by application of a Fast Fourier Transform (FFT) to 
the ADC digital output is the best method of examining total 
system performance. Attempts to evaluate the system by 
analog reconstruction through a D/A converter will usually 
prove unsatisfactory; assuming that the static and dynamic 
distortions of the D/A can be brought below the required 
level (-110dB), the performance will still be beyond the 
range of presently available spectrum analyzers. 

Even when the analysis is done using FFT techniques, 
several key issues must be addressed. First, the parameters of 
the FFT need to be adequate to perform the analysis and 
extract meaningful data. Second, the proper selection of test 
frequencies is critical for good results. Third, the limitations 
of commercial signal generators must be considered. These 
three points are addressed in later sections. Finally, the test 
board layout must follow the recommendations discussed on 
pages 8 through 10. 

DYNAMIC PERFORMANCE DEFINITIONS 

1. Total Harmonic Distortion (THD): 

, _ , Harmonic Power (first 9 harmonics) 

1 0 log 

Sinewave Signal Power 

2. Signal-to-Noise Ratio (SNR): 

„ . , Sinewave Signal Power 

10 lQ g tt : — n 

Noise Power 


3. Intermodulation Distortion (IMD): 

, . , IMD Product Power (RMS sum; to 3rd order) 

10 log - 

Sinewave Signal Power 


4. Spurious-Free Dynamic Range (SFDR): 

101 ^ Power of Peak Spurious Component 
Sinewave Signal Power 


IMD is referred to the larger of the test signals fj or £, — not 
to the total signal power, which would result in a number 
approximately 6dB “better.” The zero frequency bin (DC) is 
not included in these calculations — it represents total offset 
of the ADC, SHC and test equipment and is of little 
importance in dynamic signal processing applications. 

FFT Parameters 

Accurate FFT analysis of 16-bit systems requires adequate 
computing hardware and software. The FFT length (number 
of points) should be relatively large — at least 4K and prefer- 
ably 16K or larger. There are several reasons for this: 

1 . The converter itself has 64K codes. Ideally, the test would 
guarantee that all codes are tested at least once. Practically 
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speaking, however, that would require immensely long 
FFTs (»64K points) or averaging of a large number of 
smaller FFTs. By using an FFT length of 4K or greater 
and proper selection of the test frequencies, a very good 
statistical picture of the ADC performance will be ob- 
tained which shows the effect of any defects in the transfer 
function. 

2. The noise floor of the output spectrum is not low enough 
if less than 4K points are taken. Shorter FFTs have fewer 
bins to cover the output spectrum, so a larger fraction of 
the total system noise appears in each bin. Although the 
SNR of the ADC701/SCH702 system is in the range of 
-93dB, the noise level of the available generators may 
increase the total measured noise power to -80dB. Every 
doubling of the FFT length will spread the noise power 
among twice as many bins, resulting in a 3dB reduction of 
the spectral noise floor. In order to resolve spurious 
components that are at the level of -llOdB, an average 
noise floor of less than -1 13dB would be barely adequate. 
This requires at least 2048 bins in the output half- 
spectrum, corresponding to a 4K-point FFT. Even at this 
level, it will be difficult or impossible to separate higher 
order harmonics in the ADC701 response from the aver- 
age noise level, indicating that longer FFTs are desirable. 

3. Following the guidelines for test frequency selection 
which are outlined in the next section, it becomes clear 
that longer FFTs allow a much wider choice of test 
frequencies without concern for sophisticated data win- 
dowing or code coverage problems. 

Besides the consideration of FFT length, it is important to 
realize that the FFT calculations must be performed with 
high-precision arithmetic. The use of 32-bit fixed or floating 
point calculations will generally be inadequate because the 
noise floor due to calculation errors alone will interfere with 
the ADC performance data. Unfortunately, this considera- 
tion precludes the use of most DSP accelerator boards and 
similar hardware. In order to preserve the full dynamic range 
of the ADC output, it is best to use standard 64- or 80-bit 
arithmetic. To avoid excessively long calculation times, the 
FFT algorithm should be written in an efficiently compiled 
language and make use of techniques such as trigonometric 
look-up tables in software and dedicated floating-point 
coprocessors in hardware. There are several commercial 
software packages available from Burr-Brown and others 
that meet these requirements. 

SELECTION OF TEST FREQUENCIES 

The FFT (and any similar DSP operation) treats the total 
time-domain record length as one cycle of an infinitely long 
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periodic signal. Therefore, if the end of the sampled record 
does not match up smoothly with the beginning, the output 
spectrum will contain serious errors known as leakage or 
truncation error®. This well-known problem is usually handled 
by applying a windowing function to the time-domain 
samples, suppressing the worst effects of the mismatch. 
However, the most often used windows such as Hanning, 
Hamming, raised cosine, etc., are completely inadequate for 
16-bit ADC testing. More sophisticated functions such as the 
four-sample Blackman-Harris window® will provide much 
better results, although there still will be obvious spreading 
of the spectral lines. 

The most successful approach is to eliminate the need for 
windowing by properly selecting the test signal frequency (or 
frequencies) in relation to the ADC sampling frequency®. If 
the time sample contains exactly an integer number of cycles, 
then there is no mismatch or truncation error. Another point 
to consider is that the sampling frequency should not be an 
exact integer multiple of the signal frequency, which would 
tend to reduce the number of different ADC codes that are 
tested and also tend to artificially concentrate quantization 
error in the harmonics of the test signal. 

Both of these criteria are met by choosing an FFT length 
which is a power of two (the most standard and fastest to 
compute) and choosing a test frequency which causes an 
exact odd integer number of cycles to appear in the time 
record. In software, this selection can be accomplished very 
easily: 

1. Determine the desired sampling frequency f s . 

2. Determine the desired input signal frequency f APPR0X . 

3. Determine the FFT length N, which should be a power of 
2 (e.g., 4096 or 16384). 

4. Divide f APPR0X by f s , multiply the quotient by N, and round 
the result to the nearest odd integer. This is M, the number 
of cycles in the time record. 

5. Multiply M by f s and divide by N to obtain the exact input 
signal frequency f ACTUAL . 

SIGNAL GENERATOR CONSIDERATIONS 

To suppress leakage effects, the calculated ratio of f s to 
^actual must b e precisely maintained during the test. This 
requirement is met easily by the use of synthesized signal 
generators whose reference oscillators can be locked to- 
gether. Other possible approaches include external phase 
locking of non-synthesized generators and direct digital syn- 
thesis techniques. If it is not possible to use phase-locked 
signals, then a Blackman-Harris window may be used as 
mentioned previously. 
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Another key issue is the purity of both the signal and 
sampling frequency generators. The sampling clock’s phase 
noise (jitter) will act as another source of SNR degradation. 
This is not serious as long as the jitter is random and the noise 
sidebands contain no sharp peaks. The HP3325 synthesizer 
is suitable for this purpose. The input signal generator will 
require more attention because its distortion will usually be 
greater than that of the ADC701/SHC702. Presently, the 
lowest distortion synthesized generator is the Briiel & Kjaer 
Model 1051 (or 1049). This is suitable fortesting the system 
in the audio range. The upper frequency limit of the B&K 
synthesizer is 200kHz. Above 20kHz, the distortion becomes 
a limiting factor, and low-pass filters must be inserted into 
the signal path to reduce the harmonic and spurious content. 

As noted previously, the combined noise contributions of the 
signal generator and sampling clock generator far exceed the 


SNR of the ADC701/SHC702 itself. The SNR has been 
measured separately by applying a highly filtered sinewave 
to the input, resulting in typical SNR performance of -93dB. 
However, the filters employed to achieve this low-noise test 
stimulus are found to cause reactive loading of the signal 
source which results in increased distortion. Therefore it is 
best to separate the tests for SNR from those for THD and 
IMD, unless a suitably pure and low-noise signal can be 
generated. 

Figures 6 and 7 show block diagrams of FFT test setups for 
the ADC701 and SHC702, summarizing the placement of the 
major components discussed above. The Typical Dynamic 
Performance section shows typical results obtained from 
testing the ADC701/SHC702 at a 500kHz conversion rate, 
using 16K samples for the FFT analysis. 



FIGURE 6. FFT Test Configuration for Single-Tone Testing. 



FIGURE 7. FFT Test Configuration for Two-Tone (Intermodulation) Testing. 
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HISTOGRAM TESTING 

The FFT provides an excellent measure of harmonic and 
intermodulation distortion. Low-order spurious products are 
primarily caused by integral nonlinearity of the SHC and 
ADC. The influence of differential linearity errors is harder 
to distinguish in a spectral plot — it may show up as high- 
order harmonics or as very minor variations in the overall ap- 
pearance of the noise floor. 

A more direct method of examining the differential linearity 
(DL) performance is by using the popular histogram test 
method (5) . Application of the histogram test to the ADC701/ 
SHC702 is relatively straightforward, though once again 
extra precision is required for a 16-bit system compared to 8- 
or 12-bit systems. Basically, this means that a very large 
number of samples are required to build an accurate statisti- 
cal picture of each code width. If a histogram is taken using 
only one million points, then the average number of samples 
per code is less than fifteen. This is inadequate for good 
statistical confidence, and the resulting DL plot will look 
considerably worse than the actual performance of the 


converter. In practice 10 to 20 million samples will demon- 
strate good results for a 16-bit system and expose any serious 
flaws in the DL performance. If the memory incrementing 
hardware can keep pace with the ADC701, then 20 million 
samples can be accumulated in well under one minute. The 
last figure on page six shows the results of a 19.6 million 
point histogram taken at an input frequency of 1kHz. 

NOTES: 

1. Available from Bcrgquist, 5300 Edina Industrial Blvd., Minneapolis, MN 55435 
(612) 835-2322. 

2. Brigham, E. Oran, The Fast Fourier Transform, Englewood Cliffs, W.J.: Prentice- 
Hall, 1974. 

3. Harris, Frcdric J., “On the Use of Windows for Harmonic Analysis with the Discrete 
Fourier Transform”, Proceedings of the IEEE, Vol. 66, No. 1, January 1978, pp 51- 
83. 

4. Halbert, Joel M. and Belcher, R. Allan, “Selection of Test Signals for DSP-Based 
Testing of Digital Audio Systems”, Journal of the Audio Engineering Society, Vol. 
34, No. 7/8, July/August, 1986, pp 546-555. 

5. "Dynamic Tests for A/D Converter Performance”, Application Note AN-133, Burr- 
Brown Corporation, Tucson, AZ, 1985. 
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Autocalibrating, 4-Channel, 12-Bit 
ANALOG-TO-DIGITAL CONVERTER 


FEATURES 

• TOTAL UNADJUSTED ERROR 21/2LSB 
OVER FULL TEMPERATURE RANGE 

• FOUR-CHANNEL INPUT MULTIPLEXER 

• LOW POWER: lOmW plus Power Down 
Mode 

• SINGLE SUPPLY: +5V 

• FAST CONVERSION TIME: 8.5ps Including 
Acquisition 

• AUTOCAL: No Offset or Gain Adjust 
Required 

• UNIPOLAR INPUTS: OV to 5V 

• MICROPROCESSOR-COMPATIBLE 
INTERFACE 

• INTERNAL SAMPLE/HOLD 


DESCRIPTION 

The ADC7802 is a monolithic CMOS 12-bit A/D 
converter with internal sample/hold and four-channel 
multiplexer. An autocalibration cycle, occurring auto- 
matically at power on, guarantees a total unadjusted 
error within ±1/2LSB over the specified temperature 
range, eliminating the need for offset or gain adjust- 
ment. The 5V single-supply requirements and stan- 
dard CS, RD, and WR control signals make the part 
very easy to use in microprocessor applications. Con- 
version results are available in two bytes through an 8- 
bit three-state output bus. 

The ADC7802 is available in a 28-pin plastic DIP and 
28-lead PLCC, fully specified for operation over the 
industrial -40°C to +85°C temperature range. 
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Input/Output 


International Airport Industrial Park • Mailing Address: PO Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • TWx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889*1 510 • Immediate Product Info: (800) 548-6132 


Burr-Brown IC Data Book Supplement, Vol. 33b 


9.2-153 


ADC7802 M AUDIO, COMMUNICATIONS, A/D CONVERTERS 





Far Immediate Assistance, Contact Your Local Salesperson 


SPECIFICATIONS 



V_t.SV.V_,— ov 


T a « 25°C 

T = -40°C to +85°C 


■ 5V, V reF — * OV 


CLK « 2MHz, 50% Duty Cycle 
CLK = 1MHz, 50% Duty Cycle 
CLK = 500kHz, 50% Duty Cycle 
T A «+25°C 
T a = -40°C to +85°C 


ELECTRICAL 

V A - V 0 - V re|: + - 5V ±5%; V A * V 0 i +; V* F - - AGND - DGND - OV; CLK - 2MHz external with 50% duty cycle, T A - -40°C to +85°C, after calibration cycle at any 

temperature; unless otherwise specified. 


ADC7802BP/ADC7802BN 


ANALOG INPUT 

Voltage Input Range 
Input Capacitance 
On State Bias Current 
Off State Bias Current 

On Resistance Multiplexer 
Off Resistance Multiplexer 
Channel Separation 


REFERENCE INPUT 

For Specified Performance: V^* 
Vref - 

For Derated Performance: n > V nEF + 

V« F - 

Input Reference Current 


THROUGHPUT TIMING 

Conversion Time With External Clock (Including 
Multiplexer Settling Time and Acquisition Time) 

With Internal Clock Using 
Recommended Clock Components 
Analog Signal Bandwidth <*> 

Slew Rate « 

Multiplexer Settling Time to 0.01% 

Multiplexer Access Time 


ACCURACY 

Total Adjusted Error/ 3 ’ All Channels 

Differential Nonlinearity 

No Missing Codes 

Gain Error 

Gain Error Drift 

Offset Error 

Offset Error Drift 

Channel-to-Channel Mismatch 

Power Supply Sensitivity 


DIGITAL INPUTS 

All Pins Other Than CLK: V t 

V« 

Input Current 

CLK Input: V t 

V„ 

In 

In 


DIGITAL OUTPUTS 

Vot 

V<JH 

Leakage Current 
Output Capacitance 


POWER SUPPLIES 

Supply Voltage for Specified Performance: V A 

V D 

Supply Current: l A 
*o 

Power Dissipation 
Power Down Mode 


TEMPERATURE RANGE 

Specification 

Storage 


NOTES: ( 1 ) For (V REF +)-(V REF: -) as low as 2.5V, the total error will typically not exceed ±1 LSB. (2) Faster signals can be accurately converted by using an external sample/ 
hold in front of the ADC7802. (3) After calibration cycle, without external adjustment Includes gain (full scale) error, offset error, integral nonlinearity, differential 
nonlinearity, and drift. 


All Channels 

Between Calibration Cycles 
All Channels 

Between Calibration Cycles 
V A « V n « 4.75V to 5.25V 


T a « +25°C, V w = 0 to V 0 
T a - -40°C to +85°C, V w = 0 to V 0 


Power Down Mode (D3 in SFR HIGH) 


laNK* 1-6mA 
* source “ 200pA 
High-Z State, V 0UT » OV to V D 
High-Z State 


Logic Input Pins HIGH or LOW 


WR « RD « CS » BUSY - HIGH 
See Table III, Page 9 
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TYPICAL PERFORMANCE CURVES 

V A o V 0 = = 5V, V reF - = AGND ** OV, T A « +25°C, unless otherwise specified. 



1 10 100 1000 
Frequency of 5Vp-p Signal on Channel AIN2 (kHz) 



0 0.25 0.5 0.75 1 


Analog Input Voltage - Expected Code Center (LSBs) 


SIGNAL/(NOISE + DISTORTION) 




0.1 0.2 0.4 0.6 1 2 4 6 10 0.1 1 10 100 1000 


Input Frequency (kHz) 


Frequency (kHz) 


INTERNAL CLOCK FREQUENCY 
vs TEMPERATURE 

1.15 

1.1 

1.05 


0.95 

0.9 

-50 -25 0 25 50 75 100 



INTERNAL CLOCK FREQUENCY 



10 


100 


Ik 


Ambient Temperature (°C) 


r clock ( kfl ) 


ORDERING INFORMATION 



MAXIMUM 

SPECIFICATION 



TOTAL 

TEMPERATURE 


MODEL 

ERROR, LSB 

RANGE, °C 

PACKAGE 

ADC7802BN 

±1/2 

-40 to +85 

PLCC 

ADC7802BP 

±1/2 

-40 to +85 

Plastic DIP 
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MECHANICAL 



ABSOLUTE MAXIMUM RATINGS 


V A to Analog Ground 6.5V 

V 0 to Digital Ground 6.5V 

Pin V A to Pin V 0 10.3V 

Analog Ground to Digital Ground ±1V 

Control Inputs to Digital Ground -0.3V to V D + 0.3V 

Analog Input Voltage to Analog Ground -0.3 V to V D + 0.3V 

Maximum Junction Temperature 150°C 

Internal Power Dissipation 875mW 

Lead Temperature (soldering, 10s) +300°C 

Thermal Resistance. 0*: Plastic DIP 75°C/W 

PLCC 75°C/W 


THEORY OF OPERATION 

ADC7802 uses the advantages of advanced CMOS technol- 
ogy (logic density, stable capacitors, precision analog 
switches, and iow power consumption) to provide a precise 
1 2-bit analog-to-digital converter with on-chip sampling and 
four-channel analog-input multiplexer. 

The input stage consists of an analog multiplexer with an 
address latch to select from four input channels. 
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The converter stage consists of an advanced successive 
approximation architecture using charge redistribution on a 
capacitor network to digitize the input signal. A temperature- 
stabilized differential auto-zeroing circuit is used to mini- 
mize offset errors in the comparator. This allows offset errors 
to be corrected during the acquisition phase of each conver- 
sion cycle. 

Linearity errors in the binary weighted main capacitor net- 
work are corrected using a capacitor trim network and 
correction factors stored in on-chip memory. The correction 
terms are calculated by a microcontroller during a calibration 
cycle, initiated either by power-up or by applying an external 
calibration signal at any time. During conversion, the correct 
trim capacitors are switched into the main capacitor array as 
needed to correct the conversion accuracy. This is faster than 
a complex digital error correction system, which could slow 
down the throughput rate. With all of the capacitors in both 
the main array and the trim array on the same chip, excellent 
stability is achieved, both over temperature and over time. 

For flexibility, timing circuits include both an internal clock 
generator and an input for an external clock to synchronize 
with external systems. Standard control signals and three- 
state input/output registers simplify interfacing ADC7802 to 
most micro-controllers, microprocessors or digital storage 
systems. 

Finally, this performance is matched with the low-power 
advantages of CMOS structures to allow a typical power 
consumption of lOmW. 


OPERATION 

BASIC OPERATION 

Figure 1 shows the simple circuit required to operate 
ADC7802 in the Transparent Mode, converting a single 
input channel. A co nvert co mmand on pin 20 (WR) starts a 
conversion. Pin 22 (BUSY) will output a LOW during the 



PIN CONFIGURATIONS 


FIGURE 1. Basic Operation. 





< 
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conversion process (including sample acquisition and con- 
version), and rises only after the conversion is completed. 
The two bytes of output data can then be read using pin 18 
(RD) and pin 21 (HBE). 

STARTING A CONVERSION 

A conversion is initiated on the rising edge of the WR input, 
with valid signals on AO, A1 and CS. The selected input 
channel is sampled for five clock cycles, during which the 
comparator offset is also auto-zeroed to below 1/4LSB of 
error. The successive approximation conversion takes place 
during clock cycles 6 through 17. 

Figures 2 and 3 show the full conversion sequence and the 
timing to initiate a conversion. 

CALIBRATION 

A calibration cycle is initiated automatically upon power-up 
(or after a power failure). Calibration can also be initiated by 
the user at any time by t he risi ng edge of a minimum 100ns- 
wide LOW pulse on the CAL pin (pin 26), or by setting D1 
HIGH in the Special Function Register (see SFR section). A 

PIN ASSIGNMENTS 


calibration command will initiate a calibration cycle, regard- 
less of whether a conversion is in process. During a calibra- 
tion cycle, convert commands are ignored. 

Calibration takes 168 clock cycles, and a normal conversion 
(17 clock cycles) is added automatically. For maximum 
accuracy, the supplies and reference need to be stable during 
the calibration procedure. To ensure that supply voltages and 
reference voltages have settled and are stable, an internal 
timer provides a waiting period of 42,425 clock cycles 
between power-up/power-failure and the start of the calibra- 
tion cycle. 

READING DATA 

Data from the ADC7802 is read in two 8-bit bytes, with the 
Low byte containing the 8 LSBs of data, and the High byte 
containing the 4 MSBs of data. The outputs are coded in 
straight binary (with 0V = 000 hex, 5V = FFF hex), and the 
data is presented in a right-justified format (with the LSB as 
the most right bit in the 16-bit word). Two read operations are 
required to transfer the High byte and Low byte, and the 
bytes are presented according to the input level on the High 
Byte Enable pin (HBE). 


PIN# NAME 


DESCRIPTION 



Special Function Register. When connected to a microprocessor address pin, allows access to special functions through DO to 
D7. See the sections discussing the Special Function Register, if not used, connect to DGND. This pin has an internal pull-down. 


Analog inputs. Channel 0 to channel 3. 


Positive voltage reference input. Normally +5V. Must be £ V A . 


Negative voltage reference input. Normally 0V. 


Digital ground. DGND « 0V. 


Logic supply voltage. V 0 = +5V. Must be s V A and applied after V A . 


Data Bus Input/Output Pins. Normally used to read output data. See section on SFR (Special Function Register) for other 
uses. 

When SFR is LOW, these function as follows: 

Data Bit 7 if HBE is LOW; if HBE is HIGH, acts as converter status pin and is HIGH during conversion or calibration, goes 
LOW after the conversion is completed. (Acts as an inverted BUSY.) 

Data Bit 6 if HBE is LOW; LOW if HBE is HIGH. 

Data Bit 5 if HBE is LOW; LOW if HBE is HIGH. 

Data Bit 4 if HBE is LOW; LOW if HBE is HIGH. 

Data Bit 3 if HBE is LOW; Data Bit 1 1 (MSB) if HBE is HIGH. 

Data Bit 2 if HBE is LOW; Data Bit 10 if HBE is HIGH. 

Data Bit 1 if HBE is LOW; Data Bit 9 if HBE is HIGH. 

Data Bit 0 (LSB) if HBE is LOW; Data Bit 8 if HBE is HIGH. 


Read Input Active LOW; used to read the data outputs in combination with CS and HBE. 
Chip Select Input. Active LOW. 


Write Input. Active LOW; used to start a new conversion and to select an analog channel via address inputs AO and A1 In 
combination with CS. The minimum WR pulse LOW width is 100ns. 


High Byte Enable. Used to select high or low data output byte in combination with CS and RD, or to select SFR. 


BUSY is LOW during conversion or calibration. BUSY goes HIGH after the conversion is completed. 


Clock Input. For intemal/externa! dock operation. For external dock operation, connect pin 23 to a 74 HC-compatible dock 
source. For internal clock operation, connect pin 23 per the dock operation description. 


Address Inputs. Used to select one of four analog input channels in combination with CS and WR. The address inputs are 
latched on the rising edge of WR or CS. 


A1 

AO 

Selected Channel 

LOW 

LOW 

AINO 

LOW 

HIGH 

AIN1 

HIGH 

LOW 

AIN2 

HIGH 

HIGH 

AIN3 


Calibration Input. A calibration cyde is initiated when CAL is LOW. The minimum pulse width of CAL is 100ns. If not used, 
connect to V D . In this case calibration Is only initiated at power on, or with SFR. This pin has an internal pull-up. 


Analog Ground. AGND = OV. 


Analog Supply. V A = +5V. Must be £ V D and 
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TRANSPARENT MODE 


The bytes can be read in either order, depending on the status 
of the HBE input. If HBE changes while CS and RD are 
LOW, the output data will change to correspond to the HBE 
input. Figure 4 shows the timing for reading First the Low 
byte and then the High byte. 

ADC7802 provides two modes for reading the conversion 
results. At power-up, the converter is set in the Transparent 
Mode. 


This is the default mode for ADC7802. In this mode, the 
conversion decisions from the successive approximation 
register are latched into the output register as they are made. 
Thus, the High byte (the 4 MSBs) can be read after the end 
of the ninth clock cycle (five clock cycles for the mux 
settling, sample acquisition and auto-zeroing of the compara- 
tor, followed by the four clock cycles for the 4MSB deci- 



FIGURE 3. Write Cycle Timing (for initiating conversion or calibration). 



FIGURE 4. Read Cycle Timing. 


Burr-Brown IC Data Book Supplement, Vol. 33b 


9.2-159 


ADC7802 









For Immediate Assistance, Contact Your Local Salesperson 


sions.) The complete 12-bit data is available after BUSY has 
gone HIGH, or the internal status flag goes LOW (D7 when 
HBE is HIGH). 

LATCHED OUTPUT MODE 

This mode is activated by writing a HIGH to DO and LOWs 
to D1 to D7 in the Special Function Register with CS and WR 
LOW and SFR and HBE HIGH. (See the discussion of the 
Special Function Register below.) 

In this mode, the data from a conversion is latched into the 
output buffers only after a conversion is complete, and 
remains there until the next conversion is completed. The 
conversion result is valid during the next conversion. This 
allows the data to be read even after a new conversion is 
started, for faster system throughput. 

TIMING CONSIDERATIONS 

Table I and Figures 3 through 8 show the digital timing of 
ADC7802 under the various operating modes. All of the 
critical parameters are guaranteed over the full ~40"C to +85°C 
operating range for ease of system design. 


SPECIAL FUNCTION REGISTER (SFR) 

An internal register is available, either to determine addi- 
tional data concerning the ADC7802, or to write additional 
instructions to the converter. Access to the Special Function 
Register is made by driving SFR HIGH. 

Table II shows the data in the Special Function Register that 
will be transferred to the output bus by driving HBE HIGH 
(with SFR HI GH) a nd initiating a read cycle (driving RD and 
CS LOW with WR HIGH as shown in Figure 4.) The Power 
Fail flag in the SFR is set when the power supply falls below 
about 3 V. The flag also means that a new calibration has been 
started, and any data written to the SFR has been lost. Thus, 
the ADC7802 will again be in the Transparent Mode. Writing 
a LOW to D5 in the SFR resets the Power Fail flag. The Cal 
Error flag in the SFR is set when an overflow occurs during 
calibration, which may happen in very noisy systems. It is 
reset by starting a calibration, and remains low after a 
calibration without an overflow is completed. 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

t, 

CS to WR Setup Time < 2 > 

0 

0 

0 

ns 

** 

WR or CAL Pulse Width 

100 



ns 

t. 

CS to WR Hold Time <*> 

0 

0 

0 

ns 

t 4 

WR to BUSY Propagation Delay 

20 

50 

150 

ns 

*s 

AO. A1, HBE. SFR Valid to WR Setup Time 

0 



ns 

t. 

AO. A1, HBE. SFR Valid to WR Hold Time 

20 



ns 


BUSY to CS Setup Time 

0 



ns 

*8 

CS to RD Setup Time ,2 » 

0 

0 

0 

ns 

*. 

RD Pulse Width 

100 



ns 

*10 

CS to RD Hold Time <*> 

0 

0 

0 

ns 

*1, 

HBE. SFR to RD Setup Time 

50 



ns 

*12 

HBE. SFR to RD Hold Time 

0 



ns 

*13 

RD to Valid Data (Bus Access Time) < 3 > 


80 

150 

ns 

*14 

RD to Hi*Z Delay (Bus Release Time) 131 


90 

180 

ns 

*18 

RD to Hi-Z Delay For SFR < 3 > 

20 


60 

ns 

*1. 

Data Valid to WR Setup Time 

100 



ns 

*17 

Data Valid to WR Hold Time 

20 



ns 

NOTES: (1) All Input control signals are specified with t^ = t^ = 20ns (10% to 90% of 5V) and timed from a voltage level of 1.6V. Data Is timed from V m , V^, 
v oh or v oc- ( 2 ) * r * 10 internal RD pulse is performed by a NOR wiring of CS and RD. The internal WR pulse Is performed by a NOR wiring of CS and WR. (3) Figures 

7 and 8 show the measurement circuits and pulse diagrams for testing transitions to and from Hi-Z states. 


TABLE I. Timing Specifications (CLK = 1MHz external, T A = -40°C to +85°C). 




FIGURE 6. Reading the SFR. 
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Writing a HIGH to D3 in the FSR puts the ADC7802 in the 
Power Down Mode. Power consumption is reduced to 50|iW 
and D3 remains HIGH. To exit Power Down Mode, either 
write a LOW to D3 in the S FR, or initiate a calibration by 
sending a LOW to the CAL pin of writing a HIGH to Dl. 
During Power Down Mode, a pulse on CS and WR will 
initiate a single conversion, then the ADC7802 will revert to 
power down. 

Table III shows how instructions can be transferred to the 
Special Function Register by driving HBE HIGH (with SFR 
HIGH) and initiating a write cycle (driving WR and CS 
LOW with RD HIGH.) The timing is shown in Figure 3. Note 
that writing to the SFR also initiates a new conversion. 

CONTROL LINES 

Table IV shows the functions of the various con trol l ines on 
the ADC7802. The use of standard CS, RD and WR control 
signals simplifies use with most microprocessors. At the 
same time, flexibility is assured by availability of status 
information and control functions, both through the SFR and 
directly on pins. 

INSTALLATION 

INPUT BANDWIDTH 

From the typical performance curves, it is clear that ADC7802 
can accurately digitize signals up to 500Hz, but distortion 


will increase beyond this point. Input signals slewing faster 
than 8mV4is can degrade accuracy. This is a result of the 
high-precision auto-zeroing circuit used during the acquisi- 
tion phase. For applications requiring higher signal band- 
width, any good external sample/hold, like the SHC5320, 
can be used. 

INPUT IMPEDANCE 

ADC7802 has a very high input impedance (input bias 
current over temperature is lOOnA max), and a low 50pF 


PIN 

FUNCTION 

DESCRIPTION 

DO 

Mode Status 

If LOW, Transparent Mode enabled for 
data latches. If HIGH, Latched Output 
Mode enabled. 

Dl 

CAL Flag 

If HIGH, calibration cycle In progress. 

D2 


Reserved for factory use. 

D3 

Power Down Status 

If HIGH, in Power Down Mode. 

D4 


Reserved for factory use. 

D5 

POWER FAIL Rag 

If HIGH, a power supply failure has 
occurred. (Supply fell below 3V.) 

D6 

CAL ERROR Flag 

If HIGH, an overflow occured during 
calibration. 

D7 

BUSY Flag 

If HIGH, conversion or calibration in 
progress. 

NOTE: These data are tranferred to the bus when a read cycle is initiated 
with SFR and HBE HIGH. Reading the SFR with SFR HIGH and HBE LOW 
is reserved for factory use at this time, and will yield unpredictable data. 


TABLE II. Reading the Special Function Register. 














DO 

Dl 

D3 

D5 

D7 

D2/D4/D6 

Enables Transparent Mode for Data Latches. 

LOW 

HIGH 

LOW 

X 

LOW 

X 

LOW 

LOW 

Enables Latched Output Mode for Data Latches. 

LOW 

HIGH 

HIGH 

X 

LOW 

X 

LOW 

LOW 

Initiates Calibration Cycle. 

LOW 

HIGH 

X 

HIGH 

LOW 

X 

LOW 

LOW 

Resets Power Fail flag. 

LOW 

HIGH 

X 

X 

LOW 

LOW 

LOW 

LOW 

Activates Power Down Mode 

LOW 

HIGH 

X 

X 

HIGH 

X 

LOW 

LOW 

NOTES: (1 ) In Power Down Mode, a pulse on CS and WR will initiate a single conversion, then the ADC7802 will revert to power down. (2) X means it can be 

either HIGH or LOW without affecting this action. Writing HIGH to D2, D3, D4 or D6, or writing with SFR HIGH and HBE LOW, may result in unpredictable behavior. 

| These modes are reserved for factory use at this time. 







1 


TABLE III. Writing to the Special Function Register. 


CS 

RD 

WR 

SFR 

HBE 

CAL 

BUSY 

OPERATION 

X 

X 

X 

X 

X 

Oti 

X 

Initiates calibration cycle. 

X 

X 

X 

X 

X 

X 

0 

Conversion or calibration in process. Inhibits new conversion from starting. 

1 

X 

X 

X 

X 

1 

X 

None. Outputs in Hi-Z State. 

0 

1 

oti 

0 

X 

1 

1 

Initiates conversion. 

0 

0 

1 

0 

0 

1 

X 

Low byte conversion results output on data bus. 

0 

0 

t 

0 

1 

1 

X 

High byte conversion results output on data bus. 

0 

1 

0 

1 

1 

1 

1 

Write to SFR and rising edge on WR Initiates conversion. 

0 

0 

1 

1 

1 

1 

X 

Contents of SFR output on data bus. 

0 

1 

0 

1 

0 

1 

X 

Reserved for factory use. 

0 

0 

1 

1 

0 

1 

X 

Reserved for factory use. (Unpredictable data on data bus.) 


TABLE IV. Control Line Functions. 
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input capacitance. To ensure a conversion accurate to 1 2 bits, 
the analog source must be able to charge the 50pF and settle 
within the first five clock cycles after a conversion is initi- 
ated. During this time, the input is also very sensitive to noise 
at the analog input, since it could be injected into the 
capacitor array. 

In many applications, a simple passive low-pass filter as 
shown in Figure 9a can be used to improve signal quality. In 
this case, the source impedance needs to be less than 5kQ to 
keep the induced offset errors below 1/2LSB, and to meet the 
acquisition time of five clock cycles. The values in Figure 9a 
meet these requirements, and will maintain the full power 
bandwidth of the system. For higher source impedances, a 
buffer like the one in Figure 9b should be used. 

INPUT PROTECTION 

The input signal range must not exceed ±V REF or V A by more 
than 0.3 V. 

The analog inputs are internally clamped to V A . To prevent 
damage to the ADC7802, the current that can flow into the 
inputs must be limited to 20mA. One approach is to use an 
external resistor in series with the input filter resistor. For 
example, a IkO input resistor allows an overvoltage to 20V 
without damage. 


REFERENCE INPUTS 

A 10|iF tantalum capacitor is recommended between V REF + 
and V REF - to insure low source impedance. These capacitors 
should be located as close as possible to the ADC7802 to 
reduce dynamic errors, since the reference provides packets 
of current as the successive approximation steps are carried 
out. 

V REF + must not exceed V A . Although the accuracy is speci- 
fied with V REF + = 5V and V REF — = 0V, the converter can 
function with V REF + as low as 2.5 V and V REF — as high as IV. 
As long as there is at least a 2.5V difference between V REF + 
and V REF -, the absolute value of errors does not change 
significantly, so that accuracy will typically be within 
±1LSB. (1/2LSB fora 5V span is 610pV, which is 1LSB for 
a 2.5V span.) 

The power supply to the reference source needs to be con- 
sidered during system design to prevent V REF + from ex- 
ceeding (or overshooting) V A , particularly at power-on. Also, 
after power-on, if the reference is not stable within 42,425 
clock cycles, an additional calibration cycle may be needed. 

POWER SUPPLIES 

The digital and analog power supply lines to the ADC7802 
should be bypassed with IOjxF tantalum capacitors as close 



FIGURE 7. Measuring Active LOW to/from Hi-Z State. FIGURE 8. Measuring Active HIGH to/from Hi-Z State. 
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to the part as possible. Although ADC7802 has excellent 
power supply rejection, even for higher frequencies, linear 
regulated power supplies are recommended. 

Care should be taken to insure that V D does not come up 
before V A , or permanent damage to the part may occur. 
Figure 10 shows a good supply approach, powering both V A 
and V D from a clean linear supply, with the 10ft resistor 
between V A and V D insuring that V D comes up after V A . This 
is also a good method to further isolate the ADC7802 from 
digital supplies in a system with significant switching cur- 
rents that could degrade the accuracy of conversions. 

GROUNDING 

To maximize accuracy of the ADC7802, the analog and 
digital grounds are not connected internally. These points 
should have very low impedance to avoid digital noise 
feeding back into the analog ground. The V REF - pin is used as 
the reference point for input signals, so it should be con- 
nected directly to AGND to reduce potential noise problems. 

EXTERNAL CLOCK OPERATION 

The circuitry required to drive the ADC7802 clock from an 
external source is shown in Figure 1 la. The external clock 
must provide a 0.8V max for LOW and a 3.5V min for 
HIGH, with rise and fall times that do not exceed 200ns. The 


as shown in the typical performance curves. Therefore, use 
of an external clock source is preferred in many applications 
where control of the conversion timing is critical, or where 
multiple converters need to be synchronized. 

APPLICATIONS 

BIPOLAR INPUT RANGES 

Figure 12 shows a circuit to accurately and simply convert a 
bipolar ±5V input signal into a unipolar 0 to 5V signal for 
conversion by the ADC7802, using a precision, low-cost 
complete difference amplifier, 1NA105. 

Figure 13 shows a circuit to convert a bipolar ±10V input 
signal into a unipolar 0 to 5V signal for conversion by the 
ADC7802. The precision of this circuit will depend on the 
matching and tracking of the three resistors used. 

To trim this circuit for full 12-bit precision, R2 and R3 need 
to be adjustable over appropriate ranges. To trim, first have 
the ADC7802 converting continually and apply +9.9927V 
(+10V - 1.5LSB) at the input. Adjust R3 until the ADC7802 
output toggles between the codes FFE hex and FFF hex. This 
makes R3 extremely close to Rl. Then, apply -9.9976V (-10V 
+ 0.5LSB) at the input, and adjust R2 until the ADC7802 


minimum pulse width of the external clock must be 300ns. 
Synchronizing the conversion clock to an external system 
clock is recommended in microprocessor applications to 
prevent beat-frequency problems. 

Note that the electrical specification tables are based on 
using an external 2MHz clock. Typically, the specified 
accuracy is maintained for clock frequencies between 0.5 
and 2.4MHz. 

INTERNAL CLOCK OPERATION 

Figure 1 lb shows how to use the internal clock generating 
circuitry. The clock frequency depends only on the value of 
the resistor, as shown in “Internal Clock Frequency vs 
Rclock” * n l ^ e Typical Performance Curves section. 

The clock generator can operate between 100kHz and 2MHz. 
With R = lOOkft, the clock frequency will nominally be 
800kHz. The internal clock oscillators may vary by up to 
20% from device to device, and will vary with temperature. 




FIGURE 10. Power Supply and Reference Decoupling. 



FIGURE 9. Input Signal Conditioning. 


FIGURE 11. Internal Clock Operation. 
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output toggles between 000 hex and 001 hex. At each trim 
point, the current through the third resistor will be almost 
zero, so that one trim iteration will be enough in most cases. 
More iterations may be required if the op amp selected has 
large offset voltage or bias currents, or if the +5V reference 
is not precise. 

This circuit can also be used to adjust gain and offset errors 
due to the components preceding the ADC7802, to match the 
performance of the self-calibration provided by the con- 
verter. 

INTERFACING TO MOTOROLA 
MICROPROCESSORS 

Figure 14 shows a typical interface to Motorola microproces- 
sors, while Figure 15 shows how the result can be placed in 
register DO. 

Conversion is initiated by a write instruction decoded by the 
address decoder logic, with the lower two bits of the address 
bus selecting an ADC input channel, as follows: 



FIGURE 12. ±5V Input Range. 


MOVE.W DO, ADC-ADDRESS 

The result of the conversion is read from the data bus by a 
read instruction to ADC-ADDRESS as follows: 

MOVEP.W $000 (ADC-ADDRESS), DO 

This puts the 12-bit conversion result in the DO register, as 
shown in Figure 15. The address decoder must pull down 
ADC_CS at ADC-ADDRESS to access the Low byte and 
ADC-ADDRESS +2 to access the High byte. 

INTERFACING TO INTEL MICROPROCESSORS 

Figure 16 shows a typical interface to Intel. 

A conver sion is initiated by a write instruction to address 
ADC_CS. D ata pins DOO and DOl select the analog input 
channel. The BUSY signal can be used to generate a micro- 
processor interrupt (INT) when the conversion is completed. 

A read instruction from the ADC_CS a ddress fetc hes the 
Low byte, and a read instruction from the ADC_CS address 
+2 fetches the High byte. 



FIGURE 13. ±10V Input Range. 



FIGURE 14. Interface to Motorola Microprocessors. FIGURE 16. Interface to Intel Microprocessors. 



FIGURE 15. Conversion Results in Motorola Register DO. 
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16-Bit Audio 

ANALOG-TO-DIGiTAL CONVERTER 


FEATURES 


• LOW COST/HIGH PERFORMANCE 16-BIT 
AUDIO A/D CONVERTER 

• FAST 5ps MAX CONVERSION TIME 
(4jis TYP) 

• VERY LOW THD+N (TYP -88dB AT FS; 
MAX -82dB) 

• ±3V INPUT RANGE 

• TWO SERIAL OUTPUT MODES PROVIDE 
VERSATILE INTERFACING 

• COMPLETE WITH INTERNAL REFERENCE 
AND CLOCK IN 28-PIN PLASTIC DIP 

O ±5V TO ±1 5V SUPPLY RANGE (600m W 
POWER DISSIPATION) 

DESCRIPTION 

The PCM78P is a low-cost 1 6-bit A/D converter which 
is specifically designed and tested for dynamic appli- 
cations. It features very fast, low distortion perform- 
ance (4jas/-88dB THD+N typical) and is complete 
with internal clock and reference circuitry. The PCM78P 
is packaged in a reliable, low-cost 28-pin plastic DIP 
and data output is available in user-selectable serial 
output formats. The PCM78P is ideal for digital audio 
tape (DAT) recorders. Many similar applications such 
as digital signal processing and telecom applications 
are equally well served by the PCM78P. 

The PCM78P uses a SAR technique. Analog and 
digital portions are efficiently partitioned into a high- 
speed, bipolar section and a low-power CMOS section. 
The PCM78P has been optimized for excellent dy- 
namic performance and low cost. 


APPLICATIONS 

• DSP DATA ACQUISTION 

• TEST INSTRUMENTATION 

• SAMPLING KEYBOARD SYNTHESIZERS 

• DIGITAL AUDIO TAPE 

• BROADCAST AUDIO PROCESSING 
® TELECOMMUNICATIONS 


Convert , 
Command v 


16-bit D/A 
Converter 


16-bit SAR + 
Timing Control 


l Serial Output 1 

> Serial Output 2 

> Clock Output 
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SPECIFICATIONS 


ELECTRICAL 

T c = +25°C, +V DD = +5V, and ±V CC = ±12V, and one minute warm-up in convection environment, unless otherwise noted. 




PCM78P 


PARAMETER 

CONDITIONS 


£L 


UNITS 

RESOLUTION 




16 

Bits 

INPUT/OUTPUT | 

ANALOG INPUT 






Input Range 


—3 


+3 

V 

Input Impedance 



1.5 


k Q 

DIGITAL INPUT/OUTPUT 






Logic Family 


TTL Compatible CMOS 


Logic Level: V lH 

l |H = +40pA 

+2 


+5.5 

V 

v, L 

l 1L = -100pA 

0 


+0.8 

V 

V 0 h 

l 0H = 2TTL Loads 

+2.4 



V 

V 

l OL = 2TTL Loads 



+0.4 

V 

Data Format 


Serial BOB or B 

TC 


Convert Command 


Negative Edge 



Pulse Width 


25 

50 


ns 

CONVERSION TIME 



4 

5 

ps 

| DYNAMIC CHARACTERISTICS | 

SIGNAL-TO-NOISE RATIO (SNRP 

f s = 200kHz/T CONV = 4ps (3 > 





t = 1kHz (OdB) 

BW = 20kHz 


90 


dB w 

f = 10kHz (OdB) 

BW = 100kHz 


80 


dB 

TOTAL HARMONIC DISTORTION' 5 ) 

f s = 200kHz/T CONV = 4ps 





f = 1kHz (OdB) 

BW = 20kHz 


-91 


dB 

f = 19kHz (OdB) 

BW = 20kHz 


-90 


dB 

f = 10kHz (OdB) 

BW = 100kHz 


-90 


dB 

f = 90kHz (OdB) 

BW = 100kHz 


-89 


dB 

TOTAL HARMONIC DISTORTION + NOISE"* 

f s = 200kHz/T CONV =4ps 





f = 1kHz (OdB) 

BW = 20kHz 


-88 

-82 

dB 

f = 1kHz (-20dB) 

BW = 20kHz 


-74 

-68 

dB 

f = 1kHz (-60dB) 

BW = 20kHz 


-34 


dB 

f = 19kHz (OdB) 

BW = 20kHz 


-87 


dB 

f = 10kHz (OdB) 

BW « 100kHz 


-82 


dB 

f = 90kHz (OdB) 

BW = 100kHz 


-81 


dB 

TRANSFER CHARACTERISTICS | 

ACCURACY 






Gain Error 



±2 


% 

Bipolar Zero Error 



±20 


mV 

Differential Linearity Error 



±0.002 


% of FSR' 7 * 

Integral Linearity Error 



±0.003 


% of FSR 

Missing Codes 



None 


14 Bits") 

DRIFT 






Gain 

0°C to +70°C 


±25 


ppm/°C 

Bipolar Zero 

0°C to +70°C 


±4 


ppm of FSR/°C 

POWER SUPPLY SENSITIVITY 






+v cc 



±0.008 


%FSR/%V CC 

“ V cc 



±0.003 


%FSR/%V CC 

+V DD 



±0.003 


%FSR/%V 00 

POWER SUPPLY REQUIREMENTS | 

Voltage Range: +V CC 


+4.75 


+15.6 

V 

-V cc 


-4.75 


-15.6 

V 

+v D0 


+4.75 


+5.25 

V 

Current: +V CC 

+V CC = +12V 


+15 


mA 

-V cc 

-V cc = -12 V 


-21 


mA 

+V DD 

+ V 00 = +5V 


+7 


mA 

Power Dissipation 

±V CC = ±12V 


575 


mW 

TEMPERATURE RANGE | 

Specification 


0 


+70 

°C 

Storage 


-50 


+100 

°C 

Operating 


-25 


+85 

°C 


NOTES: (1) When convert command is high, converter is in a halt/reset mode. Actual conversion begins on negative edge. See detailed text on timing for convert 
command description when using external clock. (2) Ratio of Noise rms/Signal rms. (3) f = input frequency: f s = sample frequency (PCM78P and SHC702 in com- 
bination); BW = bandwidth of output (based on FFT or actual analog reconstruction using a 20kHz low-pass filter). (4) Referred to input signal level. (5) Ratio of 
Distortion rms/Signal rms. (6) Ratio of Distortion rms + Noise rms/Signal rms. (7) FSR: Full-Scale Range = 6Vp-p. (8) Typically no missing Codes at 14-bit 
resolution. 
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MECHANICAL 
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(1) Not JEDEC Standard 


NOTE: Leads in true position 
within 0.01" (0.25mm) R at MMC 

at seating plane. Pin numbers 

shown for reference only. 
Numbers may not be marked on 
package. 



INPUT/OUTPUT RELATIONSHIPS 


ANALOG INPUT 

CONDITION 

DIGITAL OUTPUT 

BTC 

BOB 

+2.999908V 

+ Full Scale 

7FFF Hex 

FFFF Hex 

-3.000000V 

-Full Scale 

8000 Hex 

0000 Hex 

0.000000V 

Bipolar Zero 

0000 Hex 

8000 Hex 

—0.000092V 

Zero-1 LSB 

FFFF Hex 

7FFF Hex 


PIN ASSIGNMENTS 


ABSOLUTE MAXIMUM RATINGS 


+V cc t0 An a lo 9 Common 0 to +16.5V 

-V^to Analog Common 0 to -16.5V 

-V DD to Analog Common 0 to +7V 

Analog Common to Digital Common . ±0.5V 

Logic Inputs to Digital Common -0.3V to V DD + 0.5V 

Analog Inputs to Analog Common ±16.5V 

Lead Temperature (soldering, 10s) +300°C 


Stresses above these ratings may permanently damage the device. 


HS9 

NAME 

IBI 

DESCRIPTION 

1 

Analog In 

1 

Analog Signal Input (1.5KG impedance). 

2 

-V cc 

1 

Analog power supply (-5V to -15V). 

3 

MSB Adjust 

1 

Internal adjustment point to allow adjustment of MSB major carry. 

4 

+v DD 

1 

Power connection for comparator (+5V). 

5 

No Connection 

— 

No internal connection. 

6 

Comparator Common 

1 

Comparator common connection. Connect to ground. 

7 

MSB 

O 

Parallel output of bit 1 (MSB) inverted. 

8 

BTC/BOB Select 

1 

Two’s complement (open) or straight binary (grounded) data output format selection. 

9 

Status 

0 

Output signal held high until conversion is complete. 

10 

Clock Out 

0 

Internal clock output generated from RC network on pins 1 1 and 12 (also present when external clock is used lagging 
external clock by ~e4ns and same duty cycle). 

11 

R,C, 

1 

RC connection point used to generate internal clock. Sets clock high time. See text for details. 

12 

RA 

1 

RC connection point used to generate internal clock. Sets clock low time. See text for details. 

13 

Scut, 

0 

Internal shift register containing the previous conversion result. (Alternate latched data output mode). 

14 

+V D0 

1 

Power connection for +5V logic supply. 

15 

Soim 

0 

Primary real-time data output synchronized to clock out. 

16 

External Clock 

1 

External clock input point (internal clock must be disabled). 

17 

Int/Ext Clock Select 

1 

Selects either internal or external clock mode (low = internal; open = external). 

18 

Short Cycle 

1 

Terminates conversion at less than 16-bits (open for 16-bit mode). See text for details. 

19 

Convert Command 

1 

Starts conversion process (can optionally be generated internally). 

20 

S 0UT2 Latch 

1 

Latches previous conversion result for readout (must be issued with the S^ clock to initiate latch and an internal convert 
command). 

21 

S 0UT2 Clock 

1 

Used to read out internally latched data from previous conversion. 

22 

Digital Common 

1 

Digital grounding pin. 

23 

+v cc 

1 

Analog supply connection (+5V to +15V). 

24 

VpoT 

0 

Voltage output (-2.5V) for optional adjustment of MSB transition. 

25 

Reference Decouple 

1 

Reference decoupling point. 

26 

Analog Common 

1 

Analog grounding pin. 

27 

Reference Out 

0 

2V reference out. Should not be used except as shown in connection diagram. 

28 

Speed Up 

1 

Connection point for a capacitor to speed reference settling. See text for details. 


NOTE: Analog and digital commons are connected internally. 
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BPZ Error(mV) 
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TYPICAL PERFORMANCE CURVES 

T a = +25°C, V cc = ±15V unless otherwise noted. 



-25 0 25 70 125 

Temperature (°C) 


BIPOLAR GAIN ERROR as % FSR 
25°C; N = 33 UNITS 



%FSR 



-25 0 25 70 125 



-25 0 25 70 125 


Temperature (°C) 


Temperature (°C) 



-25 0 25 70 125 

Temperature (°C) 


l ss vs SUPPLY VOLTAGE 

21 
20 
19 

I 18 

I 17 

3 

o 

16 
15 
14 

4 6 8 10 12 14 16 

Supply Voltage 
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TYPICAL PERFORMANCE CURVES (cont) 

T a = +25°C, V cc = ±15V unless otherwise noted. 


INTEGRAL NONLINEARITY 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Major Carry Bit Number 


DIFFERENTIAL NONLINEARITY 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Major Carry Bit Number 


INTEGRAL NONLINEARITY 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Major Carry Bit Number 


DIFFERENTIAL NONLINEARITY 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Major Carry Bit Number 


INTEGRAL NONLINEARITY 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 


Major Carry Bit Number 


DIFFERENTIAL NONLINEARITY 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Major Carry Bit Number 
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TYPICAL PERFORMANCE CURVES (cont) 

T a = +25°C, V cc = ±15V unless otherwise noted. Histograms done with conversion time = 8|iS. 


INTEGRAL NONLINEARITY 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Major Carry Bit Number 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Major Carry Bit Number 


INTEGRAL NONLINEARITY 
at 1 25°C 

3.00 

2.00 
1.00 
0.00 

- 1.00 
- 2.00 
-3.00 
-4.00 
-5.00 
- 6.00 
-7.00 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Major Carry Bit Number 



DIFFERENTIAL NONLINEARITY 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 


Major Carry Bit Number 


INTEGRAL NONLINEARITY ERROR 
(tol 4-Bit LSB) 



BIN 


DIFFERENTIAL NONLINEARITY ERROR 

2.00 
1.50 
1.00 
Sj 0.50 
0.00 
-0.50 
- 1.00 
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(to 14-Bit LSB) 
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TYPICAL PERFORMANCE CURVES (cont) 


T. = +25°C, V rc = ±15V unless otherwise noted. 


SPECTRAL RESPONSE, f = 1kHz 



■itliMilMllllllMliilBB 


50 

Frequency (kHz) 



SPECTRAL RESPONSE, f IN = 20kHz 


Input Frequency 19970.7Hz 
-0.08dB 6th: -101.44dB 
-92.21 dB THD: -88.12dB 
-91 .59dB SNR: 79.25dB 
— 101.23dB SINAD: 78.72dB 
— 109.32dB 


50 

Frequency (kHz) 


SPECTRAL RESPONSE. L. 


Input Frequency 976.6Hz 
: — 20.07dB 6th: -110.06dB 

-108.36dB THD: -76.75dB 
-100.44dB SNR: 61.79dB 

-111 .52dB SINAD: 61.65dB 
-102.06dB 


SPECTRAL RESPONSE. f IN = 20kHz 

Input Frequency 19970.7Hz 
Fund: -19.94dB 6th: -107.32dB 

2nd: -1 05.69dB THD: -72.81 dB 

3rd: -95.90dB SNR: 61.60dB 

4th: -106.71dB SINAD: 61.28dB 

5th: -97.57dB 



Frequency (kHz) 


Frequency (kHz) 


SPECTRAL RESPONSE, f IK1 * 1kHz 



Input Frequency 976.6Hz 

Fund: -60.06dB 6th: -106.00dB 

2nd: — 109.1 8dB THD: -42.1 5dB 

3rd: -108.31dB SNR: 21.73dB 

4th: -134.66dB SINAD: 21.69dB 

5th: -114.73dB 




i 


50 

Frequency (kHz) 


SPECTRAL RESPONSE, f, 


Input Frequency 19970.7Hz 

Fund: -59.96dB 6th: -IIO.IIdB 

2nd: — 109.09dB THD: -41.60dB 

3rd: — 124.49dB SNR: 21.93dB 

4th: — 116.40dB SINAD: 21.88dB 

T~ 5th: — 1 12.18dB 




50 

Frequency (kHz) 
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TYPICAL 

PERFORMANCE CURVES (CONT) 



2 4 6 8 10 

Convert Time (ps) 



2 4 6 8 10 

Convert Time (ps) 



2 4 6 8 10 

Convert Time (pis) 


THEORY OF OPERATION 

The PCM78P is a successive approximation A/D converter; 
this type of converter is well suited to high speed and reso- 
lution. The accuracy of a successive approximation con- 
verter is described by the transfer function shown in Figure 
1. All successive-approximation A/D converters have an 
inherent quantization error of ±1/2LSB. The remaining er- 
rors in the A/D converter are combinations of analog errors 
due to the linear circuitry, matching and tracking properties 
of the ladder and scaling networks, power supply rejection, 
and reference errors. In summary, these errors consist of 
initial errors including Gain, Offset, Linearity, Differential 
Linearity, and Power Supply Sensitivity. Gain drift over 
temperature rotates the line (Figure 1) about zero, and Offset 
drift shifts the line left or right over the operating 
temperature range. Total Harmonic Distortion + Noise 
(THD + N) is a measure of the magnitude and distribution 
of the Linearity Error, Differential Linearity Error, and 
Noise, as well as quantization errors. The THD+N specifi- 
cation is most useful in audio or dynamic signal processing 
applications. To be useful, THD + N should be specified for 
both high level and low level input signals. This error is 
unadjustable and is the most meaningful indicator of A/D 
converter accuracy for dynamic applications. 

DYNAMIC RANGE 

Dynamic range is a measure of the ratio of the smallest 
signals the converter can resolve to the full scale range and 
is usually expressed in decibels. The theoretical dynamic 
range of a converter is approximately 6 X n, where n is the 
number of bits of resolution. A 16-bit converter would thus 
have a theoretical dynamic range of 96dB. The actual useful 
dynamic range is limited by noise and linearity errors and 
is therefore somewhat less than the theoretical limit. 
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FIGURE 2. Block Diagram of Distortion Test Circuit. 


DISCUSSION OF 
SPECIFICATIONS 

TOTAL HARMONIC DISTORTION 

Evaluating distortion specifications can be a difficult task, 
as distortion is often specified in different ways. Total Har- 
monic Distortion (THD) is defined as the ratio of the square 
root sum of the squares of the value of rms harmonics to the 
value of the rms fundamental and is expressed in percent or 
dB. Note that this measurement only includes energy 
present in those frequencies which would contain harmon- 
ics, and therefore is less than Total Harmonic Distortion 
plus Noise. 

The Total Harmonic Distortion plus Noise (THD + N) is 
defined as the ratio of the square root of the sum of the 
squares of the value of the rms harmonics and rms noise to 
the value of the rms fundamental and is expressed in percent 
or dB. This is the most meaningful measurement of a 
dynamic converter’s performance because it includes all 
energy present in the signal that is not fundamental. A block 
diagram of the test circuit used to measure the THD and 


THD + N of the PCM78 is shown in Figure 2. This digital 
system is capable of differentiating harmonic energy and 
noise; conventional distortion analyzers which operate on a 
tracking notch filter principle cannot distinguish this en- 
ergy, and therefore only measure THD + N. Unfortunately, 
in the past, these systems were used for measuring distortion 
performance of converters, and the distortion was often 
simply specified as “THD”, when in fact it was really THD 
+ N. For this reason, it is often confusing to compare 
specifications of converters unless one knows exactly what 
was being measured. 

If we assume that the error due to the test circuit of Figure 
2 is negligible, then the rms value of the PCM78 error 
referred to the input can be shown to be 

ti[E L (i) + E Q (i) + E N (i)] 2 

THD + N = — — — = X 100% 

^ rms 

where N is the number of samples, E L (i) is the linearity error 
at each sample, E Q (i) is the quantization error at each 



FIGURE 3. Block Diagram of Histogram Test . 
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Toko Model LOW-PASS FILTER 

298BLR-002N 1 CHARACTERISTICS 



Frequency (MHz) 


FIGURE 4. Production Distortion + Noise Test System Block Diagram. 



FIGURE 5. Timing Diagram for Figure 4. 


sample, and E N (i) is the residual noise energy present at each 
sample. Similarly, THD alone can be expressed as 



rms 


These expressions indicate that there is a correlation 
between THD + N and the square root of the sum of the 
squares of the linearity errors at each digital word of interest. 
In order to find this error at each code, a histogram test must 
be performed on the PCM78, as illustrated in Figure 3. The 
histogram for every converter is unique, as the linearity 
errors from converter to converter will vary in their place- 
ment along the transfer function. Typical histogram data is 
shown in the Typical Curves. 

However, this expression for THD + N does not mean that 
the worst case linearity error of the A/D is directly 
correlated to the THD + N because the digital output words 
from the A/D vary according to the amplitude and frequency 
of the sine wave input as well as the sampling frequency. 


For the PCM78 the test sampling frequency was chosen to 
be 200kHz, near the PCM78’s fastest rate of conversion. 
The test frequencies used vary within the audio range, and 
are stepped in amplitude from OdB, to -20dB, to -60dB. 

In manufacturing the PCM78, the test system shown in 
Figure 4 is used to test for guaranteed THD + N. 

ACCURACY VS CONVERSION 
TIME AND INPUT SIGNAL LEVEL 

The relationship of THD vs input signal level and THD vs 
conversion time is shown is the typical curves. Slowing the 
conversion time to more than 8|is results in little added 
benefit in terms of THD + N. 

For applications which are not as concerned with dynamic 
performance but require DC accuracy and linearity, it is best 
to use the PCM78 at the longest conversion time possible 
for the system requirements. Slowing the PCM78 to 8ps- 
lOps conversion time results in a substantial improvement 
in linearity. The typical curves show DNL and INL plots for 
a typical device, at an 8ps conversion time. Due to the 
segmented architecture of the internal DAC used in the 
successive approximation conversion technique, significant 
differential linearity errors occur near bits 3 and 4. Allowing 
more settling time for the DAC (by slowing the conversion 
speed) will improve this differential linearity error and give 
equivalent performance to more costly DC-specified 12-bit 
to 14-bit A/D converters. 

SYSTEM DESIGN 
CONSIDERATIONS 

DIGITAL CIRCUIT CONNECTIONS 

The PCM78 comes complete with an internal clock circuit, 
or it may be clocked by an external clock. Choosing which 
mode to operate with depends upon the application for 
which the PCM78 will be used. In an application where the 
sample rate may not be fixed (transient recording, etc.), 
using the internal clock set to give a very fast conversion 
may be the best solution. In systems where the sample rate 
is fixed, an external clock is probably the better choice since 
it will allow the digital system design to be synchronous. 
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In either case, the PCM78 requires 17 clock cycles to 
complete a conversion. To calculate the clock frequency 
necessary for a given conversion time, the following 
equation may be used: 

t = n 

clock Conversion Time 

The internal clock operates only during a conversion, and 
is gated on by the falling edge of the convert command. See 
Figure 6. The internal clock is available on pin 10, Clock 
Out. The high and low time of this clock is set by RjC, and 
R^C, respectively. The duty cycle of the clock should be 
between 20% to 80%, and may be set to 50% for simplic- 
ity. 

Clock High Time (in ns) = 1.32 RjCj 
C lock Low Time (in ns) = 1.32R 2 C 2 
R in kQ; C in pF. 

These equations are approximate (±5%); they should be 
used for determining an initial part value which will then 
need to be “tweaked” for accurate timing. If highly accurate 
time bases are required, use of an external clock is 
recommended. 

The external clock is applied at pin 16, and the Int/Ext Clock 
select (pin 17) should be left open (an internal pull-up 
resistor assures that the logical state of an open pin is “1”). 
Using the external clock requires careful placement in time 
of the convert command. Figure 7 diagrams the recom- 
mended timing with an external clock. A simple circuit 
which assures the proper timing of the convert command is 
shown in Figure 8. 


Due to the design of the Clock/Logic chip in the PCM78, 
a conversion is begun inside the PCM78 by an asynchronous 
state machine. This places stringent requirements on the 
timing of the convert command, as improper timing can 
cause metastable states within this state machine. Using the 
circuitry shown in Figure 8, the user is assured of consistent 
operation, and these invalid states within the state machine 
are entirely avoided. (Note that this is not a consideration 
when using an internal clock, as nothing is being clocked 
when a convert command is presented to the PCM78). 

The Clock Out function is a gated form of the external clock, 
i.e. the 17 clock cycles used in the conversion are present 
on this pin during conversion. This allows use of a 
continuous external clock, with Clock Out being the clock 
that the converter is actually using for conversion. Note that 
this is simply a delayed (~24ns) version of the external 
clock, and will have the same frequency and duty cycle. 

The S 0UT2 Latch enables the user to latch data from the 
previous conversion and read it out at a higher speed than 
the convert clock. This feature allows the converter to easily 
interface to digital filtering necessary for oversampling. See 
Figure 9 for timing information in this mode. 

In this mode, the PCM78 generates its own internal convert 
command when the S 0UT2 Clock goes high within ±5 0ns of 
S 0UT2 Latch going low; the external convert command may 
not be used, and pin 19 must be grounded. The timing dia- 
gram shows the recommended timing for using this mode. 
After the S 0UT2 Latch control signal goes low, data from the 
SAR is loaded into the S 0UT2 latch on the next rising edge 
of the S 0(JT2 Clock. This clock edge should occur prior to 
the next rising edge of the conversion clock (internal or 


Convert 
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T ’% iT. 
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T a = +25°C, V 0D = +5V, guaranteed by sample testing; these parameters are not 100% tested in production. 


TIME 

description 

TIME (ns) 

MIN 

TYP 

MAX 

T, 

CONVERT COMMAND pulse width 

m 

50 

(t) 

t 2 

Delay from falling edge of CONVERT COMMAND to rising edge of CLOCK OUT 


70 

85 

t 3 

Delay from rising edge of CLOCK OUT to rising edge of STATUS 


10 

30 

t 4 

INTERNAL CLOCK pulse width 

50 

125 

450 

T 5 

INTERNAL CLOCK period 

140 

290 

500 

T 6 

Delay from rising edge of CLOCK OUT to bit data valid 

17 

20 

50 

t 7 

Delay from rising edge of 17th clock pulse to falling edge of STATUS 

10 

15 

30 


NOTE: (1 ) When using the internal clock, the clock does not operate until the Convert Command is low. It is therefore possible to keep the convert command 
high indefinitely, thereby keeping the PCM78 in a halt mode. The conversion cycle begins on the falling edge of convert command, and convert command 
must remain low during the entire conversion cycle in order to make the PCM78 operate properly. 


FIGURE 6. Conversion Timing when using Internal Clock. 
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NOTE: (1 ) The PCM78 does not contain dynamic digital circuitry, and can be clocked as slowly as the user wishes. In typical applications, the longest clock 
period may be as long as Ijis. 


FIGURE 7. Conversion Timing when using External Clock. 


external), since the SAR will reset itself prior to the latch- 
ing if the convert clock rises before the S OUT2 Clock. This 
condition is avoided as long as the frequency of S 0UT2 Clock 
is at least 1.5 times that of the conversion clock. 

The internal convert command is generated upon S 0UT2 
Latch going low, and its falling edge occurs upon the first 
falling edge of S 0UT2 Clock after S 0UT2 Latch goes low. S 0UT2 
Latch should remain low for at least 2 cycles of S oun Clock 
to insure proper latching. In many applications, the S OUT2 
Latch can be the 2f s signal present in many digital audio 
systems, typically known as WDCK. Figure 10 includes an 
example of this application. 


The data read out on S 0UT2 is from the conversion previously 
performed, while the data that is present on S 0UT1 is the real 
time readout of the successive approximation as it occurs. 

SHORT CYCLE 

The PCM78 has the ability to be short cycled to a resolution 
less than 16 bits. This is accomplished by driving the Short 
Cycle pin (pin 18) low when the conversion is to be 
terminated, and holding it low until the next convert 
command is given. The circuit in Figure 1 1 will accomplish 
this function. 



FIGURE 8. Convert Command Timing Circuit for Use with External Clock. 
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T a = +25°C, V cc = +5V, guaranteed by sample testing; these parameters are not 100% tested in production. 


TIME 

DESCRIPTION 

TIME (ns) 

MIN 

TYP 

MAX 

T, 

S 0UT2 Latch pulse width 

50 

100 


T 2 

S OUT2 Clock Cycle 


24 


T 3 

Delay from rising edge of CLOCK OUT to bit data valid 


10 

30 

t 4 

Delay from rising edge of S 0UT2 Clock to rising edge of Ext Clock 

50 

125 



FIGURE 9. Timing when using S 0UT2 Latch. 




FIGURE 1 1 . Short Cycle Circuit. 
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FIGURE 12. Short Cycle Operation Timing. 
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FIGURE 13a. Recommended PC Board Layout. 
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FIGURE 1 3b. Recommended PC Board Layout. 
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If Short Cycle is not held low until the next convert 
command is issued, the Status line will go high in 
synchronization with Short Cycle. This is because the 
operation of the Status line becomes invalid after Short 
Cycle is asserted. An example of the Short Cycle operation 
is shown in Figure 12. 

In those systems where a user may not be using a continuous 
external clock, it is necessary to assure that a falling edge 
of external clock occurs after short cycle goes low. This is 
because conversion actually stops on the first falling edge 
of external clock after Short Cycle goes low. 

ANALOG CIRCUIT CONSIDERATIONS 
Layout Precautions 

Analog and Digital Common are connected internally in the 
PCM78, and should be connected together as close to the 
unit as possible, preferably to a large ground plane under the 
ADC. Low impedance analog and digital common returns 
are essential for low noise performance. Coupling between 
analog inputs and digital lines should be minimized by 
careful layout. The input pin (pin 1) and the MSB adjust pin 
(pin 3) are both extremely sensitive to noise; digital lines 
should be kept away from these pins to avoid coupling 
digital noise into the sensitive analog circuitry. 

Figure 13 shows a recommended PCB layout for the 
PCM78. 

Power Supply Decoupling 

The power supplies should be bypassed with tantalum or 
electrolytic capacitors as shown in Figure 14 to obtain noise 
free operation. These capacitors should be located as close 
to the ADC as possible. Bypass the lpF electrolytic 
capacitors with 0.0 lpF ceramic or polystyrene capacitors 
for improved high frequency performance. 



FIGURE 14. Recommended Power Supply Decoupling. 


Reference Decoupling and Speed Up 

In order to assure the lowest noise operation of the PCM78, 
the reference may be bypassed by three different capacitors. 
Pin 25 is a decoupling point for the reference to -V cc . The 


decoupling capacitor should range from 0.1 pF to 4.7pF; 
larger values can cause reference settling problems which 
may manifest themselves as missing codes. This capacitor 
should be as close to the PCM78 as possible, to minimize 
the potential for coupling noise into the device; with a good 
board layout it may be best to leave this capacitor out of the 
circuit altogether, as the extra lead length may only cause 
more noise in the reference. 

Pin 27 is a decoupling point to ground, as well as the output 
of the 2V reference. This point should not be used to supply 
reference voltage to external circuitry unless it is buffered. 
A 2.2fiF capacitor is recommended, and the capacitor used 
here should not exceed 4.7pF. 

Pin 28, the Speed Up pin, allows a capacitor to be connected 
to ground to facilitate reference settling. This does not speed 
up the conversion time, but it does reduce odd order 
harmonic distortion. As with the decoupling capacitor on 
pin 25, this may also contribute to noise; if harmonic content 
is most important in an application, this capacitor (0.1 pF - 
lOpF) should be connected. In all other cases, it is best to 
leave the capacitor out of the circuit. 

Input Scaling 

The analog input should be scaled as close to the maximum 
input signal range as possible in order to utilize the 
maximum signal resolution of the A/D converter. The DAC 
inside the PCM78 has a ±2mA range, and the nominal ±3V 
input is scaled by a 1 .5kQ resistor. In order to scale to other 
ranges, see Table I for recommended scaling resistor values, 
connected as shown in Figure 15. 


INPUT RANGE 

R 

±10V 

8.2kfl 

±5V 

3.3kO 

NOTE: R values shown assume use of Ik trim pot to adjust for scale 1 

accuracy. 




TABLE I. PCM78 Input Scaling Resistor Values. 



l ^ 

PCM78 

*1kQ R 

*Use to trim for exact scaling. Use 
trim pot with temperature coefficient 
of 1 00ppm/°C or better. 


FIGURE 15. PCM78 Input Scaling Circuit. 

INPUT IMPEDANCE 

The input signal to the PCM78 should come from a low 
impedance source, such as the output of an op amp, to avoid 
any errors due to the dynamic input impedance that a suc- 
cessive-approximation converter presents to the the outside 
world because of the changing currents in this circuit during 
conversion as the converter steps through its approxima- 
tions. 

If the driving circuit output impedance is not low, a buffer 
amplifier should be added between the input signal and the 
direct input to the PCM78 as shown in Figure 16. 
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FIGURE 16. Buffer Amplifier for PCM78 Input. 

MSB Adjustment 

Differential Linearity errors at bipolar zero and THD are 
guaranteed to meet data sheet specifications without any 
external adjustment. However, a provision has been made 
for an optional adjustment of the MSB linearity point which 
makes it possible to eliminate DLE error at BPZ. This is 
important when the signal level is very low, because zero 
crossing noise (DLE at BPZ) becomes very significant when 
compared to the small codes changes occurring in the LSB 
portion of the converter. 

The PCM78 is laser trimmed for best performance at the 
factory without the MSB adjust circuitry installed; if better 
performance can be obtained it would be by the addition of 
the MSB adjust circuitry shown in Figure 17. 

The best method of adjusting the MSB is by using a real time 
FFT routine to monitor the levels of odd order harmonics 
when a sine-wave is being digitized by the PCM78. 
Adjusting the potentiometer in Figure 17 will allow the user 
to reduce the magnitude of odd-order harmonics. 

An alternate method is to recontruct the data out of the 
PCM78 through a DAC, and measure THD+N on a 
conventional distortion analyzer. Adjust the potentiometer 
for minimum THD+N. 


-V cc V POT 

^ 200kQ 220 KO ^ 

i 

MSB ADJ ■ 

: imq 

(2/ 


FIGURE 17. MSB Adjust Circuit. 

APPLICATIONS INFORMATION 


A typical digitization circuit, used on the demonstration 
board available for the PCM78, is shown in Figure 21. The 
connections and part values shown in this circuit have been 
optimized for the best THD+N performance at a 200kHz 
sample rate. 

The PCM78 may be interfaced to many popular digital 
signal processors, such as the TMS320, DSP56001, and the 
DSP32. Suggested interface circuits for these processors are 
shown in Figures 18-20. 



FIGURE 18. PCM78 Interface to TMS320C25/C30 DSP 
Processors. 



FIGURE 19. PCM78 Interface to Motorola DSP56001 DSP 
Processor. 



FIGURE 20. PCM78 Interface to AT&T DSP 16 & DSP32C 
Processors. 
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FIGURE 21. Schematic for Demonstration Board (DEMI 122). 
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Dual 1 8 -Bit Monolithic Audio 
DIGITAL-TO-ANACOG iONVERTil 


FEATURES 

• DUAL 18-BIT LOW-POWER MONOLITHIC 
AUDIO D/A CONVERTER 

• VERY LOW MAX THD+N: -92dB Without; k 
External Adjust 

• CO-PHASE, GLITCH-FREE ±3V OR 
±670pA AUDIO OUTPUTS ^(\; L 

m CAPABLE OF 16X PER CHANNEL OVER- 
SAMPLING RATE • ' 

• COMPLETE WITH INTERNAL REFERENCE 

® SERIAL INPUT FORMAT 100% COMPAT- 
IBLE WITH INDUSTRY STD PCM56P # , 

• RUNS ON ±5V SUPPLIES AND DISSI- • t 
PATES 300mW MAX 

• COMPACT 28-PIN PLASTIC DIP 


DESCRIPTION 

The PCM1700P is a low cost; high-performance dual 
18-bit digital-to-analog converter. The PCM1700P 
features true glitch-frec, co-phase current and voltage 
outputs&and only requires ±5V supplies. The 
PCM1700P comes complete with an internal reference 
and optional MSB adjustability for even greater THD 
. performance. : Total power dissipation is less than 
400 mW max. Low maximum Total Harmonic Distor- 
tion +' .Noise (-92dB max; PCM1700P-K) is 100% 
tested. Tfie Very fast PCM1700P is also capable of 16- 
; times; pyersampling rates on both channels simultane- 
ously, providing freedom in output filter selection. 

i The PCM1700P comes in space-saving 28-pin plastic 
; DIP and SOIC packages. PCM1700P accepts a serial 
data input format that is compatible with other Burr- 
Brown PCM products such as the industry standard 
PCM56P. 


Data Left O'- 

18-Bit 

Serial-to-Parallel 
Shift Register 

clock O- 

— — “ ' L_ 

Control — : — — — — : 

Latch Enable O- 

Logic r— — 


18-Bit 

Data Right O— 

Serial-to-Parallel 

Shift Register 


MSB Adj Left l OUT Left SJ 

? ? ? 





4 6 

I 0 ut SJ 
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Tel: (602) 746-1111 • Twx: 910-952-1111 • Cable: BBRC0RP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800) 548-6132 
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SPECIFICATIONS 


ELECTRICAL 

At 25°C, and ±V CC = ±5.00V unless otherwise noted. Where relevant, specifications apply to both left and right input/output channels. 




PCM1 750P/P-J/P-K 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 


18 



Bits 

DYNAMIC RANGE 



+108 


dB 

INPUT | 

DIGITAL INPUT 






Logic Family 



TTL Compatible 


Logic Level: V 1H 


+2 


+V cc 

V 

V| L 


0 


-0.8 

V 

! 1H 

V.H-+2.7V *;!£, 



+i 

pA 

1, 




' "■•••,-50 

pA 

Data Format 

Input Clock Frequency 



Serial BTC|| 

: ;ie.9 

ns 

DYNAMIC CHARACTERISTICS | 

TOTAL HARMONIC DISTORTION + N' 6 > 
PCM1700P: 






f= 991kHz (OdB) 

t $ « 705.6kHz* 4 ’ 


-68 : . 

• -82- 

dB 

f= 991kHz (-20dB) 

t.« 705.6kHz 


1 -74- 

-68 "I?" 

dB 

f IN = 991kHz (-60dB) 

PCM1700P-J: 

f s « 705.6kHz 


11;,. 

.-28 

dB 

f= 991 kHz (OdB) 

f s = 705.6kHz 


Wmm* v '**- 


dB 

f= 991kHz (-20dB) 

f s = 705.6kHz 


-76 

-74 

dB 

f= 991kHz (-60dB) 

PCM1700P-K: \ 

705.6kHz 


-36 : 

-34 

dB 

f= 991 kHz (OdB) 

f c : * 705.6kHz £;;£:;£k : . 


'if:;,. -98 

-92 

dB 

f= 991kHz (-20dB) 

\ f s = 705.6kHz.. 


lli^o 

-74 

dB 

f = 991 kHz (~60dB) 

'£• f s = 705.6kHz-.. 


W -40 

-34 

dB 

CHANNEL SEPARATION; : • 


j:: ,, 

+108 


dB 

SIGNAL-TO NOISE RATIO‘S 

20Hz to 20RHz at BPZf 6 ’ 

•r 

+108 


dB 

TRANSFER CHARACTERISTICS J 

ACCURACY ’• 

Gain Error * 



±1 

±3 

% 

Gain Mismatch 

\l v ; Channel to Channel 


±1 

±3 

% 

Bipolar Zero Error 



10 


mV 

BPZ Error Mismatch 

• : Channel toChariftei:. : 


5 


mV 

BPZ Differential Linearity Error* 7 ’ 



±1 


LSB 

Gain Drift % 



100 


ppm/°C 

Bipolar Zero Drift /***%, 



20 


ppm of FSR/°C 

Warm-up Time 


i 



minute 

POWER SUPPLY REJECTION 

iVccTOV^ 


+86 


dB 

ANALOG OUTPUT 

Voltage: Output Range 



±3 


V 

Output impedance " : £; 



0.1 


n 

Current Output 



±8 


mA 

Capadtive Load Drive 

R LO Ao=1-5kfi 


TBD 


PF 

Short Circuit Duration 



Indefinite 



Settling Time • ;'C \ 



Sufficient to Meet THD + N Specs 

Glitch Energ 


Meets All THD + N Specs Without External Output Deglitching 

Current: Output Range 

(±2%) 


±670 


pA 

Output Impedance • 

(±2%) 


1.67 


kO 

| POWER SUPPLY REQUIREMENTS | 

±V CC Supply Voltage 


+4.75 

+5.00 

+5.25 

V 

Supply Current: +l cc 

+V CC = +5.0V 


-40 


mA 

->cc 

-V CC = -5.0V 


+16 


mA 

Power Dissipation 

±V CC =±5.0V 


280 

380 

mW 

TEMPERATURE RANGE j 

Specification 


0 


+70 

°C 

Operating 


-30 


+70 

°C 

Storage 


-60 


+100 

°C 


NOTES: (1 ) Binary Two's Complement coding. (6) Ratio of (Distortion RMS + Noise RMS ) / Signal,^. (3) D/A converter input frequency/signal level on both left and right 
channels. (4) D/A converter sample frequency (1 6 X 44.1 kHz; 1 6 times oversampling per channel). (5) Ratio of Noise^/Signal^. Measured using an A-weighted filter. 
(6) Bipolar zero. (7) Differential non-linearity at bipolar major carry input code. Measured in 16-bit LSB's. Adjustable to zero error. 
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DESCRIPTION 

MNEMONIC 

1 

-5V Analog Supply 

-v cc 

2 

Left Channel Servo-Amp Decoupling Point 

CAP 

3 

Left Channel MSB Adjustment 

MSB ADJ (L) 

4 

No Connect 

NC 

5 

Left Channel Bipolar Offset Decoupling Point \ 

CAP 

6 

Left Channel Current Output . 

IOUT (L) • 

7 

Left Channel Analog Common • ' 

ACOM • 

8 

Left Channel Summing Junction 

SJ (L) 

9 

Left Channel Voltage Output 

VOUT(L) ; 

10 

No Connect 

NC : 

11 

+5V Digital Supply 

+ V DO 

12 

Left Channel Data Input 

DATA 

13 

Clock Input 

CLOCK 

14 

-5V Logic Supply. 


15 

Latch Enable Input::,::: 

LE 

16 

Right Channel Data Input 

6ata(R) 

17 

Digital Common 

DCOM < : - : - 

18 

No Connect ' 

. NC; .! / 

19 

Right Channel Voltage Output 

VODT.fR) 

20 

Right Channel Summing Junction 

SJ.(R) 

21 

Right Channel Analog Common 

ACOM 

22 

Right Channel Current Output 

IOUT (R) 

23 

Right Channel Bipolar Offset Decoupling Point , 

CAP 

24 

Right Channel MSB Adjustment 

MSB ADJ (R) 

25 

Right Channel Servo-Amp Decoupling Point 

CAP 

26 

MSB Adjustment Potentiometer Voltage Output 

VPOT 

27 

+5V Analog Supply 

+V cc 

28 

Reference Decoupling Point 

CAP 


FIGURE 1. PCM1700P Setup and Hold Timing Diagram. 


ORDERING INFORMATION 


Basic Model Number 

P: Plastic 

Performance Grade Code 


PCM1700P ( ) 


ABSOLUTE MAXIMUM RATINGS 


DC Supply Voltages ±7.5VDC 

Input Logic Voltage -IV to +V CC 

Power Dissipation 500mW 

Operating Temperature -25°C to +70°C 

Storage Temperature -€0°C to +100°C 

Lead Temperature (soldering, 10s) +300°C 


■ Winn JLTU1JUWLJ1J1 

3Q000 

MSB LSB 

1 3G)®©© 


FIGURE 2. Timing Diagram. 
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FIGURE 3. Voltage Output Connection Diagram. 




~ v cc 

DCOM 

CAP 

+v cc 

:: :: MS|Adj (Left) 

VPOT 

' NC 

CAP 

CAP MSB Adj (Right) 

IOUT (Left) 

CAP 

ACOM (Left) 

IOUT (Right) 

SJ (Left) 

ACOM (Right) 

VOUT (Left) 

SJ (Right) 

NC 

VOUT (Right) 

Q 

>° 

+ 

NC 

DATA (Left) 

DCOM 

Clock 

DATA (Right) 

-v DD 

LE 




Optional Bit 
Adjust Circuit 


BB 

OPA602BP 


NOTES: 

(1) LowTCR resistors 
such as Vishay. 


FIGURE 4. Current Output Connection Diagram. 
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BURR-BROWN® 


Jifs&n 


'mfrTn! 


1 * rtyf 


PCM1750P 


ADVANCE INFORMATION 
SUBJECT TO CHANGE 


Dual CMOS 18-BitiMbnolithic Audio 
ANALOG-TO-DlilTAL CONVERTER 


FEATURES 

• DU AL1 8-BIT LOW-POWER CMOS AUDIO 
A/D CONVERTER 

• FAST 4.5ns MIN CONVERSION TIME 
INCLUDING S/H 

m VERY LOW MAX THD+N: -88dB Without 
External Adjust 

• COMPLETE WITH INTERNAL REFER- 
ENCE AND DUAL S/H AMPLIFIERS 

• TWO CO-PHASE SAMPLED, ±2.75V 
AUDIO INPUTS 

• CAPABLE OF 4X PER CHANNEL OVER- 
SAMPLING RATE 

• RUNS ON ±5V SUPPLIES AND DISSI- 
PATES 300mW MAX 

• COMPACT 28-PIN PLASTIC DIP 


DESCRIPTION || 

The PCM 1 750P is a; low cost, ; 1 8-bit CMOS 

analog-to-digital converter-: optimized for dynamic 
signal applications. The PGM1750P features true co- 
phased inputs with: internal sample/hold amplifiers for 
each channel. The PCM1750P also comes complete 
with an internal reference. Total power dissipation is 
lless than 3()0mW max using dh5V voltage supplies. 
: Low maximum Total Harmonic Distortion + Noise (- 
88dB max) is 100% tested. The very fast PCM1750P 
|is capable of 4-times oversampling rates on both input 
channels simultaneously, providing greater freedom to 
designers in selecting input anti-aliasing filters. 

PCM1750P outputs serial data in a format that is 
compatible with many digital filter chips and comes 
packaged in a space saving 28-pin plastic DIP. 


MSB Adj Left 
Offset Ad) Left 
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SPECIFICATIONS 


ELECTRICAL 

At 25°C, and ±V CC = ±5.0V and +Vdo= +5.0V unless otherwise noted. Where relevant, specifications apply to both left and right input/output channels. 




PCM1750P 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

RESOLUTION 


18 



Bits 

| INPUT/OUTPUT | 

ANALOG INPUT 

Input Range 


-2.75 


+2.75 

■■ 

Input Capacitance 



20 



Aperture Time 



25 



Aperture Jitter 



50 



Full Power Bandwidth 



25 



DIGITAL INPUT/OUTPUT 





■ ■ 

Logic Family 


Compatible CMOS.. 

B 

Logic Level: 

v„ 

.^ = +5 uA 

+&S|§|| 



v. 

i^y+s.uA 

. 0.0 


• i ■■■ 

1 1 

Voh 

4 = 2 ::§rllgads 

+2.7 



- H 

Vol 

Data Format 

; -• :l^ = 2 TTL Loads 


Serial BTC(1) 

I:.:. '•-.+0.4 

mm 

Convert Command 



Positive edge 



Convert Command Pulse Width 



,-8TW, 


mom 

CONVERSION TIME 

:• . Throughput Including S/H 

: 4.5 "1| 

. 5.2 - 

I;:# 20.8 

ps | 

DYNAMIC CHARACTERISTICS | 

SIGNAL-TO NOISE RATIO< 2 > ^ 

f s ® 192kHz/channel'” f w = 1 kHz (OdB)' 4 ’ ' 





PCM1750P 


+88- 

+90 


dB' 5 ’ 

TOTAL HARMONIC DISTORTION + W 

PCM1750P: 






f w = 1kHz (OdB) 'lilik 



-90 

-88 

dB 

f w = 1kHz (-20dB) 

£*192kHz ! 


-70 

-68 

dB 

f N = 1 kHz (~60dB) 

: 192kHz il.-v;;? 


-30 

-28 

dB 

CHANNEL SEPARATION ^V^;, 


+96 

+108 


dB 

TRANSFER CHARACTERISTICS 

ACCURACY 

Gain Error 



±2 

±5 

% 

Gain Mismatch 

' Channel to Channel 


±0.5 

±1 

% 

Bipolar Zero Error* 7 ’ 



±2 


mV 

BPZ Error Mismatch 

: : Channel to Channel 


±3 


mV 

BPZ Differential Linearity Error* 8 ’ • : •; 



±0.002 


% of FSR (9 > 

Linearity Error 



±0.003 


% of FSR 

Warm-up Time 


1 



minute 

DRIFT 

Gain . % ;i • •=: 1-11£ 

0°C to 70°C 


100 

250 

ppm/°C 

Bipolar Zero 

0°C to 70°C 


20 


ppm of FSR/°C 

POWER SUPPLY REJECTION 

W iV^TOV^ 


TBD 


dB 

POWER SUPPLY REQUIREMENTS 

±V rr Supply Voltage ' 


±4.75 

±5.00 

±5.25 

V 

Supply Current: +l cc and+f 0G * 

+V CC and +V DD = +5.0V 


+28 


mA 

-ice :: i!r 

-Va.--5.0V 


-13 


mA 

Power Dissipation 

±V CC = ±5.0V 


210 

300 

mW 

| TEMPERATURE RANGE | 

Specification 


0 1 


+70 

°C 

Operating 


-30 


+70 

°C 

Storage 


-60 


+100 

°C 


NOTES: (1) Binary Two's Complement coding. (2) Ratio of Signal,**. / Noise,**. from20 Hz to 20kHz. (3) A/D converter sample frequency (4 X 48kHz; 4 times 
oversampling per channel). (4) A/D converter input frequency/signal level (on both left and right channels).(5) Refered to input signal level. (6) Ratio of (Distortion,*^ 
+ Noise,**.) / Signal,**.. (7) Externally adjustable to zero error. (8) Differential non-linearity at bipolar major carry input code. Measured in 16-bit LSB's. Adjustable to 
zero error. (9) Full Scale Range. 
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64 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 1 2 


•Optional 
Digital Filter 


P11 (CONVERT) 


P4 (EXT CLK IN) 

1_ 

2 

fl_ 

3 

FU 

4 

1_ 

16 

ru 

17 :i 

ru 

8 

u 

19 

1_ 













Bit 2 I Bit 3 A Bit 4 


Bit 2 A Bit 3 A Bit 4 


CLK1N Input 

CONVERT; iflU Input ; 
, SOUT L . Output 

sout r 


Master Ctoc.k Inputs 
Convert Commandli 
Serial Out Left :> 
Soria) Out Right : 


: “ Clock input for optional digital filter chip. (4X decimating filter) 


FIGURE 1. Input/Output Timing Diagram: 


‘Optional, 
i: Digital Filter; 


154155 56 57 58 59 60 ?^V 62: 6^ 64 1 2 3 4 5 6 7 8 9 101112 

• I i t »-H ' h- i i 


r- T4 -i 

-H T5 HT6H 


imim, 19 


1 2 3 






3 

L 

JTL 


XJT 

V Bit 18 

Bit 17 A 

Y 


: Y Bit1 

Y 

Bit 2 Y 


A LSB 

A 


: A MSB 


A 





T8 |-*T9*-| 


PARAMETER 

DESCRIPTION 

MIN 

NOMINAL 

MAX 

UNITS 

Ti 

(lx TREF) 

Convert Command High 

25 

33 

50 

% of T4 

T2 

. (6 x TREF) 

S/H Acquisition Time 

420 

486 


ns 

T3 

: (4 x TREF) 

Convert to Clock time 

281 

326 

1302 

ns 

T4 

(3 x TREF) 

Master Clock Input 

211 

244 

977 

ns 

T5 

(1 x TREF) 

Clock High 

25 

33 

50 

% of T4 

T6 

(2 x TREF) 

Clock Low 

75 

67 

50 

% of T4 

17 


Data Hold Time 

10 



ns 

18 


Data Setup Time 



100 

ns 

T9 


Data Valid Time 

120 

154 

1212 

ns 

TCONV (64 x TREF) 

Conversion Throughput Time 

4.5 

5.2 

20.8 

\ss 

TREF (Sample Rate /64) 

Ext Digital Filter Clock 

70 

81 

326 

ns 


FIGURE 2. Setup and Hold Timing Diagram. 
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VOLTAGE-TO-FREQUENCY 

CONVERTERS 


Voltage-to-frequency converters provide a simple, low-cost way of convert- 
ing analog signals into digital form. They provide an important alternative 
to other analog-to-digital conversion techniques. Their integrating input 
properties make them an appropriate choice when operating in noisy 
environments. The combination of high accuracy and linearity, low tem- 
perature drift, and monotonicity often provides performance characteristics 
unattainable with other techniques. 

Since an analog quantity represented as a frequency is inherently serial data, 
it is easily handled in large multi-channel systems. Frequency information 
can be transmitted over long lines with excellent noise immunity using low 
cost digital line transmitters and receivers. Isolation can be accomplished 
with optical or transformer couplers without loss in accuracy. Outputs from 
multiple VFCs can be gated to common counter circuitry with simple digital 
logic. Low-cost isolation is obtained when a VFC is used together with a 
DC/DC converter and a single optical coupler. 

Burr-Brown monolithic voltage-to-frequency converters provide industry- 
standard performance and reliability in such applications as precision test 
and measurement equipment, data acquisition systems, communications 
equipment, and process control. 
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VOLTAGE-TO-FREQUENCY 
CONVERTERS SELECTION GUIDE 

The Selection Guide shows parameters for the high grade. Refer to the Product 
Data Sheet for a full selection of grades. Models shown in boldface are new 
products introduced since publication of the previous Burr-Brown IC Data 
Book. 


VOLTAGE-TO-FREQUENCY CONVERTERS 





Boldface 

= NEW 

Description 

Model 

Frequency 

Range 

(kHz) 

V w 

Range 

(V) 

Linearity, 

max 

(% of FSR) 

Tempco, 
max (ppm of 
FSR/°C) 

Temp 

Range 0 ’ 

Pkg 

Page 

Low-Cost 

VFC32P, U 

User- 

User- 

±0.01 at 10kHz 

75 typ 

Com 

DIP, SOIC 

10-3 

Monolithic 

VFC32M, L 

selected 
500kHz, max 

selected 

±0.05 at 100kHz 

±100 

Ind 

TO-100, 

LCC 

10-3 

Low-Cost 

VFC42 

OtolO 

0 to +1 0 

±0.01 


Ind 

DIP 

10-12 

Complete 

VFC52 

0 to 100 

0 to +1 0 

±0.05 

±150 

Ind 

DIP 

10-12 

Precision 

VFC62 

User- 

User- 

±0.002 at 10kHz 

±20 

Ind 

DIP, 

10-18 

Monolithic 

VFC320 

selected 

selected 
1MHz max 

±0.002 at 10kHz 

±20 

Ind 

TO-100 

LCC 

10-54 

Synochro- 
nized Monolithic 

VFC100G 

Clock 

Programmed 
2MHz max 

Oto +10 

0.1 at 1MHz 

±50 

ind 

DIP 

10-26 


VFC101N 

Clock 

Programmed, 

2MHzmax 

0 to +10, 

0 to +5, 

0 to +8, 

-5 to +5 

±0.02 at 100kHz 

±40 

Ind 

PLCC 

10-41 

High- 

Performance 

VFC110 

User- 

selected 

4MHzmax 

0 to +10 

±0.05 at 1MHz 

±50 

Ind 

DIP, 

LCC 

SI 0-3 

Single Supply, 
Low Power 

VFC121 

User- 
selected 
1.5MHz max 

User- 

selected 

±0.03 at 100kHz 

±40 

Ind 

DIP 

S10-11 


NOTES: (1) Com = 0°C to +70°C, Ind - -25°C to +85°C. 
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BURR-BROWN® 



88 ^ 


VFC110 


High-Frequency 

VOLTAGE-TO-FREQUENCY CONVERTER 


FEATURES 

• HIGH-FREQUENCY OPERATION: 

4MHz FS max 

• EXCELLENT LINEARITY: 

±0.02% typ at 2MHz 

• PRECISION 5V REFERENCE 

• DISABLE PIN 

• LOW JITTER 

DESCRIPTION 

The VFC 1 10 voltage-to-frequency converter is a third- 
generation VFC offering improved features and per- 
formance. These include higher frequency operation, 
an on-board precision 5V reference and a Disable 
function. 

The precision 5V reference can be used for offsetting 
the VFC transfer function, as well as exciting trans- 
ducers or bridges. The Enable pin allows several 
VFCs’ outputs to be paralleled, multiplexed, or simply 
to shut off the VFC. The open-collector frequency 

'in v out Comparator 


APPLICATIONS 

• INTEGRATING A/D CONVERSION 

• PROCESS CONTROL 

• VOLTAGE ISOLATION 

• VOLTAGE-CONTROLLED OSCILLATOR 

• FM TELEMETRY 


output is TTL/CMOS -compatible. The output may be 
isolated by using an opto-coupler or transformer. 

Internal input resistor, one-shot and integrator capaci- 
tors simplify applications circuits. These components 
are trimmed for a full-scale output frequency of 4MHz 
at 10V input. No additional components are required 
for many applications. 

The VFC110 is packaged in plastic and ceramic 14- 
pin DIPs. Industrial and military temperature range 
gradeouts are available. 


Input Common 14 



7 Digital Ground 
5 Enable 


-V s Analog Ground 5V C os 

International Airport Industrial Park • Mailing Address: P0 Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. • Tucson, AZ 85706 

Tel: (602) 746-1111 • TWx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Into: (800) 548-6132 
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SPECIFICATIONS 


At T a = +25°C and V s = ±15V unless otherwise noted. 




VFC110BG 

VFC1 1 0AG/SG/AP 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 




UNITS 

VOLTAGE-TO-FREQUENCY OPERATION 

Nonlinearity' 11 : f FS = 100kHz 

Co, = 2.2nF. R in = 44kO 


0.005 

0.01 


0.01 

0.05 

%FS 

f FS = 1MHz 

Co, « 1 50pF, R n = 40kO 


0.01 

0.05 



0.1 

%FS 

f FS = 2MHz 

Co, - 56pF, R w -34k£l 


0.02 



* 


%FS 

f FS = 4MHz 

Cos-Ont), R w » (Int) 


1 



* 


%FS 

Gain Error, f = 1 MHz 

Cos= 150pF, R w = 40kO 



5 



* 

% 

Gain Drift, f = 1 MHz 

Specified Temp Range 



50 



100 

ppm/°C 

Relative to V REF 

Specified Temp Range 


50 



100 


ppm/°C 

PSRR 

V S = ±8V to ±18V 



0.05 



0.1 

%/V 

INPUT 

Full Scale Input Current 



250 

500 


* 

* 

pA 

l B - (Inverting Input) 



15 

60 


20 

100 

nA 

l B + (Non-Inverting Input) 



250 



* 


nA 

V os 




3 



3 

mV 

V^ Drift 

Specified Temp Range 


35 



* 


pV/°C 

INTEGRATOR AMPLIFIER OUTPUT 

Output Voltage Range 

R l = 2kQ 

-0.2 


+V S — 4 

. 


. 

V 

Output Current Drive 


5 

20 


* 

* 


mA 

Capacitive Load 

No Oscillations 


10 



10 


nF 

COMPARATOR INPUT 









l B (Input Bias Current) 



-5 



* 


pA 

Trigger Voltage 



±50 



* 


mV 

Input Voltage Range 


-5 


+v s 

* 


* 

V 

OPEN COLLECTOR OUTPUT 

V Q Low 




0.4 



* 

V 

^LEAKAGE 



0.1 

1 


* 

* 

pA 

Fall Time 



25 



* 


ns 

Delay to Rise 



25 



* 


ns 

Settling Time 

To Specified Linearity for a 


One Pulse of New Frequency Plus Ips 




Full-Scale Input Step 








REFERENCE VOLTAGE 

Voltage 


4.97 

5 

5.03 

. 

♦ 

. 

V 

Voltage Drift 




20 



50 

ppm/°C 

Load Regulation 

l Q = 0 to 10mA 


2 

10 


* 

* 

mV 

PSRR 

V s = ±8V to ±18V 


5 



* 


mV/V 

Current Limit 

Short Circuit 

15 

20 



* 


mA 

ENABLE INPUT 

V H , 6H (U Enabled) 

Specified Temp Range 

2 






V 

V L0W ( f our Disabled) 

Specified Temp Range 



0.4 



* 

V 

LlGH 



0.1 



* 


pA 

Low 



1 



* 


PA 

POWER SUPPLY 

Voltage, ±V S 


±8 

±15 

±18 



* 

V 

Current 



13 

16 


* 

* 

mA 

TEMPERATURE RANGE 

Specified 









AG, BG, AP 


-25 


+85 

* 


* 

°C 

SG 

Storage 


-55 


+125 




°C 

AG, BG, SG 


-65 


+150 

* 


* 

°C 

AP 


-40 


+125 

* 


* 

°C 


* Same specifications as VFC110BG. 

NOTE: (1) Nonlinearity measured from IV to 10V input. 


10-4 


Burr-Brown IC Data Book Supplement, Vol. 33b 















Or, Call Customer Service at 1-800-548-6132 (USA Only) 


MECHANICAL 


P Package — 14-Pln Plastic DIP 




L Seating 


BHI 


■fliHfflaHaiai 




Kira 

KM 

KB 


M21 

Mdtekl 


KSK 

mmm 

■fti.-a 

Wckiii 


Oi 

EEI 


WMM 

KM 

KB 


KEB 

WEEKl 

H331 

KB 

MTi 

KZ3 


kek 

mi 



IFilifefcl 

B3EEE1 

EHI 

kb 

KB 

BEE5I 

EEM 

KB 

EH 

KE51 



KB 




■M#M 


mKI 

KEJH 

KB 



MEM 

KB 

mzm 

o 


KQK 

KISH 

KM 

KB 

mm 

KB 




HSU 

KB 




M 14.-1 

HI 






NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. 

(1) e, and e A apply in 
zone L,when unit is 
installed. 

(2) Not per JEDEC. 


G Package — 14-Pln Hermetic DIP 





KHB 

laiiiflgMai 


DEB 

KM 

KB 


kb 

K1 


IKK 

mmm 

iKB 

KB 


IRK 

EMI 

KK 

KB 



j»EB 

kb 


KM 



kb 

KEBEMB 

mmm 

KK 

KB 


BEK 


KB 

ITS 

KM 

EM 

MEM 

KB 


KM 

BteB 

EM 


Hi 


KB 

B 

■1IB 


IBM 

KK 


IflM 

EM 

■EMI 


NOTE: Leads in true 
position within 0.01" 
(0.25mm) R at MMC 
at seating plane. Pin 
numbers shown for 
reference only. 
Numbers may not be 
marked on package. 


PIN CONFIGURATION 


ABSOLUTE MAXIMUM RATINGS 



Input Common 
Analog Common 

V OUT 

Comparator In 

+V S 

NC 

foUT 


Power Supply Voltages (+V S to -V s ) . 40V 

f^ Sink Current 50mA 

Comparator In Voltage -5V to +V S 

Enable Input +V s to-V s 

Integrator Common-Mode Voltage -1.5V to +1.5V 

Integrator Differential Input Voltage +0.5V to -0.5V 

Integrator Out (short-circuit) Indefinite 

V nEF Out (short-circuit) Indefinite 

Operating Temperature Range 

G Package -55°C to +125°C 

P Package -40°C to +85°C 

Storage Temperature 

G Package -60°C to +150°C 

P Package -40°C to +125°C 

Lead Temperature (soldering, 10s) +300°C 


ORDERING INFORMATION 




TEMPERATURE 

MODEL 

PACKAGE 

RANGE 

VFC110AG 

Ceramic DIP 

-25°C to +85°C 

VFC110BG 

Ceramic DIP 

-25°C to +85°C 

VFC110SG 

Ceramic DIP 

-55°C to +125°C 

VFC110AP 

Plastic DIP 

— 25°C to +85°C 
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Jitter (ppm) Vref (V) Fu!I Sca,e Frequency (Hz) 
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TYPICAL PERFORMANCE CURVES 

At T a = +25°C, V s = ±15V unless otherwise noted. 


FULL-SCALE FREQUENCY vs 
EXTERNAL ONE-SHOT CAPACITOR 



External One-Shot Capacitor 


REFERENCE VOLTAGE vs 



0 2 4 6 8 10 12 14 16 18 20 22 

Output Current (mA) 



10k 100k 1M 10M 

Full Scale Frequency (Hz) 

Jitter is the ratio of the la value of the distribution of the 
period (1/f^, max) to the mean of the period. 


FULL-SCALE FREQUENCY vs 



-50 -25 0 25 50 75 100 125 

Temperature (°C) 


TYPICAL FULL SCALE GAIN DRIFT 



10k 100k 1M 10M 

Full Scale Frequency (Hz) 


FREQUENCY COUNT REPEATABILITY 
vs COUNTER GATE TIME 



This graph describes the low frequency stability of the VFC1 10: 
the ratio of the 1 a point of the distribution of 1 00 runs (where 
each mean frequency came from 1000 readings for each 
gate time) to the overall mean frequency. 
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TYPICAL PERFORMANCE CURVES (corn) 

T a ** +25°C, V s = ±15V unless otherwise noted. 



01 23456789 10 

Input Voltage (V) 


OPERATION 

Figure 1 shows the connections required for operation at a 
full-scale output frequency of 4MHz. Only power supply 
bypass capacitors and an output pull-up resistor, R p(J , are 
required for this mode of operation. A 0V to 10V input 
voltage produces a 0Hz to 4MHz output frequency. The 
internal input resistor, one-shot and integrator capacitors set 
the full-scale output frequency. The input is applied to the 
summing junction of the integrator amplifier through the 
25kO internal input resistor. Pin 14 (the non-inverting 
amplifier input) should be referred directly to the negative 
side of V^. The common-mode range of the integrating 
amplifier is limited to approximately -1 V to +1 V referred to 
analog ground. This allows the non-inverting input to Kel- 
vin-sense the common connection of V^, easily accommo- 



io 4 io 5 io 6 io 7 

Full Scale Frequency (Hz) 


dating any ground-drop errors. The input impedance loading 
Vjn is equal to the input resistor — approximately 25k£2. 

OPERATION AT LOWER FREQUENCIES 

The VFC1 10 can be operated at lower frequencies simply by 
limiting the input voltage to less than the nominal 10 V full- 
scale input. To maintain a 10V FS input and highest accu- 
racy, however, external components are required (see Table 
I). Small adjustments may be required in the nominal values 
indicated. Integrator and one-shot capacitors are added in 
parallel to internal capacitors. Figure 2 shows the connec- 
tions required for 100kHz full scale output. The one-shot 
capacitor, C os , should be connected to logic ground. The 
one-shot connection (pin 6) is not short-circuit protected. 
Short-circuits to ground may damage the device. 


+ v s V L 



* Nominal Values (±20%) ~ v s 


Analog Ground 


FIGURE 1. 4MHz Full-Scale Operation. 
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The integrator capacitor’s value does not directly affect the 
output frequency, but determines the magnitude of the volt- 
age swing on the integrator’s output. Using a equal to 
C os provides an integrator output swing from OV to approxi- 
mately 1.5 V. 

COMPONENT SELECTION 

Selection of the external resistor and capacitor type is impor- 
tant. Temperature drift of an external input resistor and one- 
shot capacitor will affect temperature stability of the output 
frequency. NPO ceramic capacitors will normally produce 
the best results. Silver-mica types will result in slightly 
higher drift, but may be adequate in many applications. A 
low temperature coefficient film resistor should be used for 

^1N* 

The integrator capacitor serves as a “charge bucket,” where 
charge is accumulated from the input, V^, and that charge is 
drained during the one-shot period. While the size of the 
bucket (capacitor value) is not critical, it must not leak. 
Capacitor leakage or dielectric absorption can affect the 


FULL-SCALE 
FREQUENCY, f FS 

EXTERNAL COMPONENTS { 

R.n 

C os 

c 1MT 

4MHz 

* 

* ■ 

* 

2MHz 

34kQ 

56pF 

* 

1MHz 

40kQ 

. 150pF 

* 

500kHz 

58kQ 

330pF 

2nF . 

100kHz 

44k£2 

2.2nF 

10nF 

50kHz 

88kQ 

2.2nF 

0.1 pF 

10kHz 

44kQ 

22nF 

0.1 pF 


* Use internal component only. 

The values given were determined empirically to give the optimal perform- 
ance, taking into consideration tradeoffs between linearity and jitter for each 
given full scale frequency of operation. The capacitors listed were chosen 
from standard values of NPO ceramic type capacitors while the resistor 
values were rounded off. Larger C INT values may improve linearity, but may 
also increase frequency noise. 


TABLE I. Component Selection Table. 


linearity and offset of the transfer function. High-quality 
ceramic capacitors can be used for values less than 0.0 lpF. 
Use caution with higher value ceramic capacitors. High-k 
ceramic capacitors may have voltage nonlinearities which 
can degrade overall linearity. Polystyrene, polycarbonate, or 
mylar film capacitors are superior for high values. 

PULL-UP RESISTOR 

The VFC1 10’s frequency output is an open -collector transis- 
tor. A pull-up resistor should be connected from f OUT to the 
logic supply voltage, +V L . The output transistor is On during 
the one-shot period, causing the output to be a logic Low. 
The current flowing in this resistor should be limited to 8mA 
to assure a 0.4V maximum logic Low. The value chosen for 
the pull-up resistor may depend on the full-scale frequency 
and capacitance on the output line. Excessive capacitance on 
f 0(JT will cause a slow, rounded rising edge at the end of an 
output pulse. This effect can be minimized by using a pull- 
up resistor which sets the output current to its maximum of 
8mA. The logic power supply can be any positive voltage up 
t0 +V S . 

ENABLE PIN 

If left unconnected, the Enable input will assume a logic 
High level, enabling operation. Alternatively, the Enable 
input may be connected directly to +V S . Since an internal 
pull-up current is included, the Enable input may be driven 
by an open-collector logic signal. 

A logic Low at the Enable input causes output pulses to 
cease. This is accomplished by interrupting the signal path 
through the one-shot circuitry. While disabled, all circuitry 
remains active and quiescent current is unchanged. Since no 
reset current pulses can occur while disabled, any positive 
input voltage will cause the integrator op amp to ramp nega- 
tively and saturate at its most negative output swing of ap- 
proximately -0.7V. 



FIGURE 2. 100kHz Full-Scale Operation. 
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PRINCIPLE OF OPERATION 

The VFC1 10 uses a charge-balance technique to achieve 
high accuracy. The heart of this technique is an analog 
integrator formed by the integrator op amp, feedback ca- 
pacitor C^, and input resistor R^. The integrator’s out- 
put voltage is proportional to the charge stored in C^. An 
input voltage develops an input current of V^/R^, which 
is forced to flow through C^. This current charges C 1NT , 
causing the integrator output voltage to ramp negatively. 

When the output of the integrator ramps to 0V, the com- 
parator trips, triggering the one-shot. This connects the 
reference current, I REF , to the integrator input during the 
one-shot period, T os . This switched current causes the 
integrator output to ramp positively until the one-shot 
period ends. Then the cycle starts again. 

The oscillation is regulated by the balance of current (or 
charge) between the input current and the time-averaged 


Integrator / 

Output / 

(Pin 12) }/ 

, Effect of 

*** % Smaller C, ^ • 

\ 

ov 

t 

— ,/f — 




'out 

U 



reset current. The equation of current balance is 
I in = W* Duty Cycle 
^in^in ~ Iref " Wr ' T 0 

where T 0 is the one-shot period and f 0UT is the oscillation 
frequency. 


When the Enable input receives a logic High (greater than 
+2V), a reset current cycle is initiated (causing f OUT to go 
Low). The integrator ramps positively and normal operation 
is established. The time required for the output frequency to 
stabilize is equal to approximately one cycle of the final 
output frequency plus lps. 

Using the Enable input, several VFCs’ outputs can be con- 
nected to a single output line. All disabled VFCs will have a 
high output impedance; one active VFC can then transmit on 
the output line. Since the disabled VFCs are not oscillating, 
they cannot interfere or “lock” with the operating VFC. 
Locking can occur when one VFC operates at nearly the 
same frequency as — or a multiple of — a nearby VFC. 
Coupling between the two may cause them to lock to the 
same or exact multiple frequency. It then takes a small incre- 
mental input voltage change to unlock them. Locking cannot 
occur when unneeded VFCs are disabled. 


REFERENCE VOLTAGE 

The V REF output is useful for offsetting the transfer function 
and exciting sensors. Figure 3 shows V REF used to offset the 
transfer function of the VFC110 to achieve a bipolar input 
voltage range. Sub-surface zener reference circuitry is used 
for low noise and excellent temperature drift. Output current 
is specified to 10mA and current-limited to approximately 
20mA. Excessive or variable loads on V REF can decrease 
frequency stability due to internal heating. 

MEASURING THE OUTPUT FREQUENCY 

To complete an integrating A/D conversion, the output fre- 
quency of the VFC1 10 must be counted. Simple frequency 
counting is accomplished by counting output pulses for a 
reference time (usually derived from a crystal oscillator). 



FIGURE 3. Offsetting the Frequency Output. 
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This can be implemented with counter/timer peripheral chips 
available for many popular microprocessor families. Many 
micro-controllers have counter inputs that can be programmed 
for frequency measurement. 

Since f OUT is an open-collector device, the negative-going 
edge provides the fastest logic transition. Clocking the counter 
on the falling edge will provide the best results in noisy 
environments. 

Frequency can also be measured by accurately timing the 
period of one or more cycles of the VFC’s output. Frequency 
must then be computed since it is inversely proportional to 
the measured period. This measurement technique can pro- 
vide higher measurement resolution in short conversion 
times. It is the method used in most high-performance 
laboratory frequency counters. It is usually necessary to 
offset the transfer function so OV input causes a finite 
frequency out. Otherwise the output period (and therefore the 
conversion time) approaches infinity. 

FREQUENCY NOISE 

Frequency noise (small random variation in the output fre- 
quency) limits the useful resolution of fast frequency meas- 
urement techniques. Long measurement time averages the 
affect of frequency noise and achieves the maximum useful 
resolution. The VFC1 10 is designed to minimize frequency 
noise and allows improved useful resolution with short 
measurement times. The typical curve “Frequency Count 
Repeatability vs Counter Gate Time” shows the effect of 
noise as the counter gate time is varied. It shows the one 


standard deviation (la) count variation (as a percentage of 
FS counts) versus counter gate time. 

FREQUENCY-TO-VOLTAGE CONVERSION 

The VFC110 can also be connected as a frequency-to- 
voltage converter (Figure 4). Input frequency pulses are 
applied to the comparator input. A negative-going pulse 
crossing 0V initiates a reference current pulse which is 
averaged by the integrator op amp. The values of the one- 
shot capacitor and feedback resistor (same as R^) are deter- 
mined with Table I. The input frequency pulse must not 
remain negative for longer than the duration of the one-shot 
period. Figure 4 shows the required timing to assure this. If 
the negative-going input frequency pulses are longer in du- 
ration, the capacitive coupling circuit shown can be used. 
Level shift or capacitive coupling circuitry should not pro- 
vide pulses which go lower than -5V or damage to the 
comparator input may occur. 

This frequency-to-voltage converter operates by averaging 
(filtering) the reference current pulses triggered on every 
falling edge at the frequency input. Voltage ripple with a 
frequency equal to the input will be present in the output 
voltage. The magnitude of this ripple voltage is inversely 
proportional to the integrator capacitor. The ripple can be 
made arbitrarily small with a large capacitor, but at the 
sacrifice of settling time. The R-C time constant of and 
R^ determine the settling behavior. A better compromise 
between output ripple and settling time can be achieved by 
adding a low-pass filter following the voltage output. 



FIGURE 4. Frequency-to- Voltage Conversion. 


10-10 


Burr-Brown IC Data Book Supplement, Vol. 33b 








Or, Call Customer Service at 1-800-548-6132 (USA Only) 



Precision Single Power Supply 
VOLTAGE-TO-FREQUENCY CONVERTER 


FEATURES 

• SINGLE SUPPLY OPERATION: 

+4.5V to +36V 

• f G = 1.5MHz max 

© LOW NONLINEARITY: 0.03% max at 
100kHz, 0.1% max at 1MHz 
© HIGH INPUT IMPEDANCE 
© VOLTAGE REFERENCE OUTPUT 
© THERMOMETER OUTPUT: 1mV/°K 


APPLICATIONS 

© INTEGRATING A/D CONVERSION 

• ANALOG SIGNAL TRANSMISSION 

• PHASE-LOCKED LOOP VCO 

© GALVANICALLY ISOLATED SYSTEMS 


DESCRIPTION 

The VFC121 is a monolithic voltage-to-frequency 
converter consisting of an integrating amplifier, volt- 
age reference, and one-shot charge pump circuitry. 
High-frequency complementary NPN/PNP circuitry is 
used to implement the charge-balance technique, 
achieving speed and accuracy far superior to previous 
single power supply VFCs. 

The high-impedance input accepts signals from ground 
potential to V s - 2.5V. Power supplies from 4.5V to 


36V may be used. A 2.6V reference voltage output 
may be used to excite sensors or bias external cir- 
cuitry. A thermometer output voltage proportional to 
absolute temperature (°K) may be used as a tempera- 
ture sensor or for temperature compensation of appli- 
cations circuits. 

Frequency output is an open-collector transistor. A 
disable pin forces the output to the high impedance 
state, allowing multiple VFCs to share a common 
transmission path. 


Integrator Comparator 

Out In +v s Disable 



*OUT 


Ground 


International Airport Industrial Park • Mailing Address: P0 Box 11400 • Tucson, AZ 85734 • Street Address: 6730 S. Tucson Blvd. ♦ Tucson, AZ 85706 
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SPECIFICATIONS 


ELECTRICAL 

At T a => +25°C, V s = +5V, and R IN = 8kQ unless otherwise noted. 




VFC121AP 

VFC121BP 


PARAMETER 

CONDITIONS 




MIN 

TYP 

MAX 

UNITS 

ACCURACY 









Nonlinearity: f FS = 1 00kHz 

C os 1200pF, C )NT = 2700pF 



■n 



0.03 

%FS 

f FS = 1MHz 

C os 68pF, C 1NT = 270pF 


0.1 




0.1 

%FS 

Gain Error: f FS = 100kHz 

C os 1200pF, C INT = 2700pF 



10 



* 

%FS 

Gain Drift: f FS = 100kHz 




80 



40 

ppm/°C 

Relative to V RC(r 

+V 5 = +5V to +36V 



100 



40 

ppm/°C 

PSRR 




0.025 



* 

%/V 

INPUT 









Minimum Input Voltage 




0 



* 

V 

Maximum Input Voltage 


V s -2.5 

V s -2 


* 

• 


V 

Impedance 


10 

100 


* 



MO 

'bias 



150 

300 



* 

nA 

Vos 



300 

800 


100 

400 

pV 

V os Drift 

"'"min "'"max 


10 



* 


pV/°C 

OPEN COLLECTOR OUTPUT 





■ ■ 


| . | 


V S AT 

•pull up = 10mA 


^H 


■ | 

■ 

Ili&Sl 

V 

'leakage 

Vpull up = 5V. R pullup - 4700 


| | 


| | 

■ 

| 

pA 

Fall Time 





■ 



ns 

Delay to Rise 





| 



ns 

Settling Time 

To specified linearity for 


■ 




| 



full scale input step 








REFERENCE VOLTAGE 









Voltage 


2.59 

2.6 

2.61 

* 

* 

* 

V 

Voltage Drift 




100 



50 

ppm/°C 

Load Regulation 

1 0 = 0 to 10mA 



10 



* 

mV 

PSRR 

V s = +5V to +36V 



10 



* 

mV 

Current Limit 







INTEGRATOR AMPLIFIER OUTPUT 







|| 


Output Voltage Range 

R l = lOOkO 



^9 

* 


■H 

V 

COMPARATOR INPUT 









'bias 



+1 



* 


pA 

Trigger Voltage 



2.6 



* 


V 

Input Voltage Range 


0 


2.9 

* 


* 

V 

THERMOMETER 


| | 



| | 

■j 

II 


V T 

T a = +25°C 

■ 



■ 


m 

mV 

V T Slope 

"'"min "'"max 




■ ■ 

| 

II 

mV/°K 

DISABLE INPUT 


■j 







V HIGH (Disabled) 


■: | 




■ 

aBWB M b 

V 

V L ow 


■ 



■ 

hhh| 

1 ' 

V 

'high (Disabled) 

V H igh = 2V 

| 



| 

HH| 

II 

pA 

'low 

V LOW = 0.8V 

| 



| | 


iRl 

pA 

POWER SUPPLY 


■ 



■| 

| ■ 

1 ■ 


Voltage 





■ 

mUM 

1 

V 

Current 



n 



| 

II 

mA 

TEMPERATURE RANGE 



II 


■ 

| 

HHI 


Specified 



■ 1 




||X| 

°C 

Storage 



■ ■ 


HI 

| 

WBm 

°C 


‘ Same specification as VFC121AP. 

NOTE: (1) One pulse of new frequency plus Ips. 


ORDERING INFORMATION 


MODEL 

PACKAGE 

LINEARITY 
ERROR, MAX 
(f s = 100kHz) 

TEMPERATURE 

RANGE 

VFC121AP 

VFC121BP 

Plastic DIP 
Plastic DIP 

0.05% 

0.03% 

-25°C to +85°C 
-25°C to +85°C 
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MECHANICAL 


P Package — 14-Pln Plastic DIP 


■Hi 

ECSSEi 


B»!I1B 

mm 


■MM 

BEGEM 

mm 

MM 



BMM 


EH 

EE 


1W331 

HDH 

EE 


■El-El 

HEM 

EH 

EOf 


HO 

1I.-3B 

■HI 

EH 



■HM 

■2H 

ee 

Tfol 

IHEBtl 

kliUTWii 

BQH 

eem 

eh 


l;mi 



EE 


EEI1 

EH 

mmmm 



■SH 

KH 

WSESI 


hhi 

TEEM 




EE 

HE 

ESI 

HH 

mm 

KH 

BB 

mm 

HE 

mm 

'H3H 

EE 


HBB 

usei 

EH 

Ez 


1IMI 


E9 








NOTES: Leads in true 
position within 0.01“ 
(0.25mm) R at MMC 
at seating plane. 

(1) e, and e A apply in 
zone L, when unit is 
installed. 

(2) Not perJEDEC. 


PIN CONFIGURATION PIN CONFIGURATION 


.BE 

■ ■ 


mm 

1 

i 

^B . 

II 

Up 


II 

9^B 

^B! 


bh^B 


II 


B* 


bhB 

I B 

bS 

1 


ABSOLUTE MAXIMUM RATINGS 


Power Supply Voltage (+V S ) 40V 

f OUT Sink Current 20mA 

Comparator In Voltage -0.5V to +3V 

Enable Input -0.3V to +V S 

Integrator Common-Mode Voltage OV to +V S - 2 V 

Integrator Differential Input Voltage -0.3V to +0.3V 

V REF Out (short-circuit) Indefinite 

Operating Temperature Range -40°C to +85°C 

Storage Temperature -40°C to +125°C 

Lead Temperature (soldering, 10s) +300°C 


Stresses above these ratings may permanently damage the device. Expo- 
sure to absolute maximum rating conditions for extended periods may affect 
device reliability. 


|Q 

NAME 

DESCRIPTION 

i 

NC 

Not Connected 

2 

Disable 

Input logic Low for normal operation. Input logic 
High to disable the VFC121. Has internal pull- 
down, for normal operation if not connected. 

3 

v T 

Temperature compensation voltage proportional 
to absolute temperature. Typically 298mV at 
room temperature (298°K), with a change of 

ImV per °C (°K). 

4 

Gnd Sense 

Defines ground for the internal voltage reference. 

5 

Cos 

One-shot capacitor is connected between here 
and ground to set full scale output frequency. 

6 

v nEF 

Output from the internal band-gap voltage 
reference, typically 2.6V. Can be used 
externally to set levels or excite sensors. 

7 

NC 

Not Connected 

8 

Gnd 

Ground 

KE 

Comp In 

Comparator In 

10 

Int Out 

Integrator Out 

ii 

+V, N 

Non-inverting input of the integrating op amp. 

The input signal is applied here. 

12 

-v w 

Inverting input of the integrating op amp. C INT is 
connected between here and the integrator 
output (pin 10), and R w is connected between 
here and ground. 

13 

+V S 

Supply voltage connected here. Range is +4.5V 
to +36V. 

14 

Mut 

Frequency output pin. This is the output of an 
open-collector transistor, and an external pull- 
up circuit should be used to generate the appro- 
priate logic levels. 
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Linearity Error (% of FSR) Full Scale Frequency (Hz) Jitter (ppm) 


For Immediate Assistance, Contact Your Local Salesperson 

TYPICAL PERFORMANCE CURVES 

At T a = +25°C, V s = +5V, and R IN = 8kQ unless otherwise noted. 



10 4 10 s 10 6 10 7 
Full Scale Frequency (Hz) 


FREQUENCY COUNT REPEATABILITY 



10 100 
Time (ms) 


FULL SCALE FREQUENCY 



10 100 1000 10000 
External One-Shot Capacitor (pF) 


NON-LINEARITY vs 



10 s 10” 
Full-Scale Frequency (Hz) 


NON-LINEARITY vs INPUT VOLTAGE 



REFERENCE VOLTAGE vs 
REFERENCE LOAD CURRENT 










■ 








— — 


1 










M 



NOTE: The V REF output is 
short-circuit protected. 



HI 










■1 

■ 


0 2 4 6 8 10 12 14 16 18 20 


Input Voltage (V) 


Output Current (mA) 
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TYPICAL PERFORMANCE CURVES (CONT) 

At T a » +25°C, V # » +5V, and R w «* 8kn unless otherwise noted. 


QUIESCENT CURRENT vs TEMPERATURE 



Ambient Temperature (°C) 


FULL SCALE GAIN DRIFT vs TEMPERATURE 



Ambient Temperature (°C) 


THEORY OF OPERATION 

The VFC121 uses a charge-balance technique to achieve 
high accuracy. The basic architecture is shown in Figure 1 . 
An analog integrator at the front end, consisting of a preci- 
sion op amp and a feedback capacitor, C^, provides a true 
integrating approach for improved noise immunity. Use of 
the non-inverting input of the op amp for the analog input 
provides a high input impedance to the user. 

The integrator’s output is proportional to the charge stored 
on C mT plus the analog input voltage. An input voltage, V^, 
forces a current through R w of V^/R^, which also flows 
through C,^. This current through causes the integrator 
output to ramp positive. (Refer to the timing diagram in 
Figure 2.) 

When the output of the integrator ramps to V REF , the com- 
parator trips, driving the output of the VFC121 Low, and 
triggering the one-shot. The tripping of the comparator also 
connects the reference current, 1 REF , to the integrator input 


for the duration of the one-shot period, T os . This switched 
current causes the output of the integrator to ramp negative. 

When the one-shot times out, the output of the VFC121 is 
reset High, the one-shot is reset, and I REF is switched to the 
output of the integrating op amp. (This causes the output of 




FIGURE 1. VFC121 Architecture. 
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the integrating op amp to see a constant current, reducing 
errors that might occur if the load were unbalanced.) In this 
state, the output of the integrator resumes a positive ramp, 
restarting the cycle. 

The output frequency is regulated by the balance of current 
(or charge) between the current V^/R^ and the time-aver- 
aged reset current. The size of the integrating capacitor, C^, 
determines the slew rate of the integrator, and thus how far 
down the integrator ramps during the one-shot period, but 
has no effect on the output frequency of the VFC121. 

The reference voltage used internally is generated from a 
bandgap reference, which is actively trimmed to achieve the 
low drift characteristics of the VFC121. To maximize flexi- 
bility of designs using the VFC121, both the bandgap refer- 
ence voltage and a thermometer voltage are available exter- 
nally. 

INSTALLATION AND 
OPERATING INSTRUCTIONS 

BASIC OPERATION 

The VFC121 allows users a wide range of input voltages and 
supply voltages, and easy control of the full scale output 
frequency. The basic connections are shown in Figure 3, 
with components that generate a 100kHz output with a 2V 
full scale input. 

For other input and output ranges, the full scale input 
voltages and full scale output frequencies can be calculated 
as follows: 


“ 2(R in )(C 0S + 60) 

The full scale input current of 250pA was chosen to provide 
a 25% duty cycle in the output frequency. The VFC121 is 
designed to give optimum linearity under these conditions, 
but other current levels can be used without significantly 
degrading linearity. By reducing R^, the integrating current 
is increased, increasing the positive ramp rate of the integra- 


tor output. Since the one-shot period is unchanged, the duty 
cycle of the output increases. 

Stray capacitance at the C os pin typically adds about 60pF to 
the capacitance of the external C os , which accounts for the 
adjustment in the above equation. This usually becomes 
negligible as the required output frequency is reduced, and 
C os is increased. 

R bias is included in the circuit in Figure 3 to compensate for 
the effects of bias currents at the input of the integrating op 
amp. It is optional in most applications, but when needed, 

R bias should ec l ual R in* 

Table 1 indicates standard external component values for 
common input voltage ranges and output frequency ranges. 

COMPONENT SELECTION 

Selection of the external resistor and capacitor type is impor- 
tant. Temperature drift of the external input resistor and one- 
shot capacitor will affect temperature stability of the output 
frequency. NPO ceramic capacitors will normally produce 
the best results. Silver-mica types will result in slightly high- 
er drift, but may be adequate in many applications. A low 
temperature coefficient film resistor should be used for R^. 

The integrator capacitor, C^, serves as a “charge bucket,” 
where charge accumulation is induced by the input, V^, and 
repeatedly reduced during the one-shot period. The size of 


FULL SCALE INPUT RANGE (V) 

R, n + Rth,m (kfl) 

2 



5 

20 

10 

40 

FULL SCALE OUTPUT FREQUENCY (kHz) 

CosW 

C^IPF) 

1500 

22 

150 

1000 

68 

270 

500 

180 

470 

250 

470 

1000 

125 

1000 

2200 

25 

4700 

10,000 

NOTE: Higher output frequencies can be achieved by reducing R IN . 
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the bucket (the capacitor value) is not critical, since it 
primarily determines how far below V REF the output of the 
integrator ramps during the one-shot period. At the same 
time, the capacitor used must not leak since capacitor leak- 
age or dielectric absorption can affect the linearity and offset 
of the transfer function. High-quality ceramic capacitors can 
be used for values less than 0.0 lpF, but caution should be 
used with higher value ceramic capacitors. High-k ceramic 
capacitors may have voltage non-linearities which can de- 
grade overall linearity. Polystyrene, polycarbonate, or mylar 
film capacitors are superior for higher capacitance values. 

During the one-shot period, the output of the integrator is 
ramping down. To prevent the integrating op amp from 
being saturated at its minimum output of 0.8V, should 
be kept at least 1.7 X C os . 


Low). The integrator ramps negatively and normal operation 
is established. The time required for the output frequency to 
stabilize is equal to approximately one cycle of the final 
output frequency plus lps. 

Using the Enable input, the outputs from several VFCs can 
be connected to a single line. All disabled VFCs will have a 
high output impedance; one active VFC can then transmit on 
the line. Since disabled VFCs are not oscillating, they cannot 
interfere or “lock” with the operating VFC. Locking can 
occur when one VFC operates at nearly the same frequency, 
or a multiple, as a nearby VFC. Coupling between the two 
may cause them to lock to the same frequency or an exact 
multiple. It then takes a small incremental input voltage 
change on one of the VFCs to unlock them. Locking cannot 
occur when unneeded VFCs are disabled. 


OUTPUT FREQUENCY ADJUSTMENT 

The full scale output frequency of the VFC121 can be 
adjusted using a trim-pot, R trim in Figure 3, in series with 
R in . For optimum drift vs temperature, a low temperature 
coefficient fixed resistor of approximately 90% of the calcu- 
lated R in requirement should be used in series with a trim- 
pot approximately 20% of the size of the calculated R^. The 
low-drift fixed resistor contributes most of the final R^ 
resistance, so that the effect of higher drift from the trim-pot 
is attenuated in the total R^. 

PULL-UP RESISTOR 

The VFC121’s frequency output is an open-collector transis- 
tor. A pull-up resistor should be connected from f 0UT to the 
logic supply, +V L . The output transistor is On during the 
one-shot period, causing the output to be logic Low. The 
current flowing in this resistor should be limited to 10mA to 
assure a 0.4V maximum logic Low. The value chosen for the 
pull-up resistor may depend on the full-scale frequency and 
capacitance on the output line. Excessive capacitance on 
f 0L , T will cause a slow, rounded rising edge at the end of an 
output pulse. This effect can be minimized by using a pull- 
up resistor which sets the output current to its maximum of 
10mA. The logic power supply can be any positive voltage 
up to +36V. 

ENABLE PIN 

If left unconnected, the Enable input will assume a logic 
Low level, enabling the output stage, Alternatively, the 
Enable input may be connected directly to ground. This pin 
can also be driven by standard TTL or CMOS logic. 

A logic High at the Enable input causes output pulses to 
cease. This is accomplished by interrupting the signal path 
through the one-shot circuitry. While disabled, all circuitry 
remains active and quiescent current is unchanged. Since no 
reset current pulses can occur while disabled, any positive 
input voltage will cause the integrator op amp to ramp 
positive and saturate at its most positive output swing of 
approximately V REF + 0.7V. 

When the Enable input receives a logic Low (less than 
0.8V), a reset current cycle is initiated, (causing f 0UT to go 


APPLICATION INFORMATION 


OPERATION FROM 10kHz TO 210kHz 

The VFC 121 is designed to provide an output frequency 
starting at 0Hz for a 0V input and increasing linearly to the 
full scale output frequency, f FS , at the full scale input volt- 
age, V FS . For applications where low level inputs, near 0V, 
are critical, it may be inconvenient to have an output fre- 
quency approaching 0Hz. Figure 4 shows a circuit which 
transforms a 0V to 2V input level into output frequencies 
from 10kHz to 210kHz, by placing a resistor divider net- 
work between the input source and the V REF output of the 
VFC 121. This produces a positive voltage at fV^ when the 
input to the circuit is grounded. This circuit makes use of the 
high input impedance at +V W . 

The transfer function of this circuit is: 


W-lOkHz 
,N 100kHz 


V 


To trim the circuit, first apply 2V to the analog input, and 
adjust Rj to give a full scale output frequency of 210kHz. Then 
apply 0V to the analog input, and adjust R 2 until the output 
frequency is 10kHz. For absolute precision, it may be neces- 
sary to make several iterations trimming R, and R 2 . In most 
cases, one iteration will be enough, since the effect of I^ on 
full scale output frequency is attenuated by the divider net- 



FIGURE 4. Offsetting the Output Frequency. 
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work, which sees only a 0.6V total delta at full scale (2.6V at 
V REF minus 2V full scale input) as compared with a 2.6V delta 
at a 0V input level. 

USING THE VFC121 THERMOMETER VOLTAGE 

Because of the high input impedance of the VFC1 21 (which 
results from using the non-inverting input to the integrating op 
amp), it is relatively simple to use a standard multiplexer in 
front of the VFC121. One of the possible reason to multiplex 
the input to the VFC121 is to use it to track temperature 
changes in the operating environment of the electronics in a 
system, in addition to using the VFC 1 2 1 in its normal mode to 
measure an analog signal. 

Figure 5 shows a way to do this. In this circuit, the normal 
analog input signals to be multiplexed through the VFC 121 
have a full scale voltage of 2V, and generate a full scale output 
frequency of 100kHz. To measure the electronics system 
temperature, the user selects the multiplexer channel con- 
nected to the thermometer voltage on pin 3. A measured 


output frequency from the VFC121, with the multiplexer on 
channel 8, now corresponds to the temperature of the electron- 


ics as follows: 

Temp (°C) = 


Output Frequency - 13,650 
50 



FIGURE 5. Measuring System Temperature. 
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Burr-Brown’s world of digital signal processing solutions emphasizes ease of 
use and ranges from DIP-packaged analog input and analog output compo- 
nents all the way to complete DSP-based systems. The product line includes 
development and code generation software, dedicated processors, and analog 
I/O products. Easy-to-use and cost efficient, these products carry the user all 
the way from simulation to integration. 

Other DSP design and integration tools are currently in development. If you 
need to find the shortest route from DSP development to integration, call a 
Burr-Brown applications engineer at 1-800-548-6132. 
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ANALOG DSP COMPONENTS AND TEST SYSTEMS 


Sample 


Function 

Model 

Description 

Rate 

Resolution 

Package 

Page 

Analog-to- 

DSP101 

Low-cost, high resolution A-to-D 

200kHz 

16/18 bits 

28-pin DIP 

SI 4-4 

Digital 


with zero-chip interface to DSP IC’s 





Converters 

DSP102 

from ADI, AT&T, Motorola and Tl 

Two channel, low-cost, high resolution 
A-to-D with zero-chip interface to DSP IC’s 
from ADI, AT&T, Motorola and Tl 

200kHz 

16/18 bits 

28-pin DIP 

Si 4-4 

Digital-to- 

DSP201 

Low-cost, high resolution D-to-A 

500kHz 

16/18 bits 

28-pin DIP 

SI 4-1 5 

Analog 


with zero-chip interface to DSP IC’s 





Converters 

DSP202 

from ADI, AT&T, Motorola and Tl 

Two channel, low-cost, high resolution 
D-to-A with zero-chip interface to DSP IC’s 
from ADI, AT&T, Motorola and Tl 

200kHz 

16/18 bits 

28-pin DIP 

S14-15 

Analog 

DSP-SYS603 

Complete test system including A-to-D 

10MHz 

12-bits 

Hardware 

SI 4-27 

Input 


box, digital buffer, DSP processor, and 



and 


DSP 


software, designed to run on a PC 



Software 


Test 

DSP-SYS701 

Complete test system including A-to-D 

500kHz 

16-bits 

Hardware 

SI 4-31 


Systems box, digital buffer, DSP processor, and and 

software, designed to run on a PC Software 


DSP PROCESSOR BOARDS 


Model 

Processor 

Quantity 

Speed 

(ns) 

SRAM 

(KB) 

Board 

Form 

1024 FFT 
Execution 
Time 
(ms) 

FIR 

Filter Tap 
Execution 
Time 
(ns) 

HR Bi-Quad 
Filter 
Execution 
Time 
(ps) 

Page 

ZPB32 

AT&T DSP32 

1 

250 

64 

PC 

8.9 

250 

1.25 

CALL 

ZPB32-HS 

AT&T DSP32 

1 

160 

64 

PC 

5.7 

160 

0.8 

1-800- 

ZPB34-001 

AT&T DSP32C 

1 

80 

64 

PC/AT 

3.2 

80 

0.4 

548- 

ZPB34-002 

AT&T DSP32C 

1 

80 

192 

PC/AT 

3.2 

80 

0.4 

6132 

ZPB34-003 

AT&T DSP32C 

1 

80 

320 

PC/AT 

3.2 

80 

0.4 

for 

ZPB34-004 

AT&T DSP32C 

1 

80 

576 

PC/AT 

3.2 

80 

0.4 

more 

ZPB3201 

AT&T DSP32 

1 

160 

64 

VME 6U 

5.7 

160 

0.8 

information 

ZPB3202 

AT&T DSP32 

2 

160 

128 

VME 6U 

5.7 

160 

0.8 


ZPB3211 

AT&T DSP32C 

1 

80 

64 

VME 6U 

3.2 

80 

0.4 


ZPB3212 

AT&T DSP32C 

2 

80 

128 

VME 6U 

3.2 

80 

0.4 



DSP ANALOG I/O SYSTEMS 


Max 


Model 

Form 

Analog 

Input 

Channels 

Analog Number Conversion 
Output of Rate 

Channels Bits (kHz) 

Anti- 

Aliasing 

Filter 

Smoothing 

Filter 

On-Board 
Sample Rate 
Generator 

Page 

ZPB100 

PC Board 

1 

1 

16 

8 

300Hz-3kHz 

0Hz-3kHz 

8kHz 

CALL 

ZPB1100 

PC Board 

1 


16 

150 

User Specified 

— 

75Hz-1 50kHz 

1-800- 

ZPB2100 

PC Board 


1 

16 

150 

— 

User Specified 

— 

548- 

ZPD1001 

External Box 

1 or 2 

1 or 2 

16 

150 

— 

— 

4.8kHz-1 50kHz 

6132 

ZPD1002 

External Box 

1 or 2 


12 

10MHz 

— 

— 

— 

for more 

ZPB1003 

External Box 

1 


16 

500kHz 

— 

— 

— information. 
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DOS-BASED DSP SOFTWARE 

Model 

Function 

Page 

ZPA1000 

Emulates (3) test instalments for signal analysis: oscilloscope, 

CALL 


spectrum and histogram analyzers 

1-800- 

ZPM50-001 (DSPlay) 

DSP Algorithm development/simulation 

548- 

ZPM32 (DSPlay XL) 

DSP Algorithm development/code generation for DSP32/DP32C 

6132 

ZP032 

AT&T DSP32/32C Assembler 

for 

ZP033 

AT&T DSP32-CC u C"Compiler 

more 

ZPOFDAS1/DAS2 

Momentum Data’s Filter Design 

information 
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BURR-BROWN <j 



DSP101 

DSP102 


ADVANCE INFORMATION 
SUBJECT TO CHANGE 


DSP-Compatible Sampling Single/Dual 
ANALOG-TO-DIGITAL CONVERTERS 


FEATURES 

• ZERO-CHIP INTERFACE TO STANDARD 
DSP ICs: AD, AT&T, MOTOROLA, Tl 

• SINGLE CHANNEL: DSP101 

• DUAL CHANNEL: DSP102 

Two Serial Outputs or Cascade to Single 
32-Bit Word 

• SAMPLING RATE TO 200kHz 

• DYNAMIC SPECIFICATIONS: 
Signal/(Noise + Distortion) = 90dB; 
Spurious-Free Dynamic Range = 94dB; 
THD = -92 dB 

• SERIAL OUTPUi DATA COMPATIBIE/ 
WITH 16-, 24-, AND 32-BIT DSP 1C IP 
FORMATS 


Out Conver$iott:||tt:| 
Clock 


DESCRIPTION 

>The DSP 101 and DSP 102 are high performance sam- 
pling analog-fo-digital converters designed for sim- 
plicity of use with modem digital signal processing 
ICs. Both are complete withialliintcrface logic for use 
directly with DSP ICs, and provide ftiil sampling and 
cdnydriipp at rates up to 200kHz! . 

The IpPlOl offers a^gleicpriyersipn channel, with 
> 18 bits of serial data output, allowing the user to drive 
16-bit, 24-bit DSP 102 offers 

two complete convetsiort : cbaijneis^ with either two 
full 18-bit output ports, or a mode to cascade two 16- 
bit con versions into a 32-bit port as one word. 

Both the DSP i0 1 land DSP102 are packaged in stan- 
dard, low-cost 28-pin plastic DIP packages. Each is 
oftereddn two performance grades to match applica- 
tion requirements. 

, Convert! 

Command 


Analog 
Input < 
Channel A 


Clock Generator 


1-Bit Sampling ADC i 


Select Sync Format 

Channel A User Tag In 

Channel A Data/ 
Cascaded Data 


Analog 
Input < 
Channel 8 


p18-Bit Sampling ADC 


Channel B on DSP102 Only 


Channel B Data 


Channel B User Tag In 


International Airport Industrial Park • Mailing Address: P0 Box 11400 • Tucson, AZ 85734 * Street Address: 6730 S. Tucson Blvd. * Tucson, AZ 85706 

Tel: (602) 746-1111 • TWx: 910-952-1111 • Cable: BBRCORP • Telex: 066-6491 • FAX: (602) 889-1510 • Immediate Product Info: (800) 548-6132 
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SPECIFICATIONS 

ELECTRICAL 

T a = 0°C to 70°C, sampling frequency, f s ~ 160kHz, V A + = V 0 = +5V, V A - = -5V, 12.288MHz crystal oscillator, unless otherwise specific 



ANALOG INPUT 

Voltage Range 

Impedance 

Capacitance 


THROUGHPUT SPEED 

Complete Cycle 
Throughput Rate 

AC ACCURACY <’> 

Signal to (Noise + Distortion) Ratio 


Total Harmonic Distortion 
Spurious-Free Dynamic Range 
Signal to Noise Ratio (SNR) 

DC ACCURACY 

Gain Error (3 > 

Gain Error Mismatch < 3 > 

Integral Linearity Error 
Differential Linearity Error 
No Missing Codes 
Bipolar Zero Error « 3 > 

Bipolar Zero Mismatch <3 > 

Power Supply Sensitivity 

SAMPLING DYNAMICS ” 
Aperture Delay 
Aperture Jitter 
Transient Response 
Overvoltage Recovery; ': . 

DIGITAL INPUTS ' "-I: 

Logic Levels (Except OSCl) 

V. 4: ; jX, '-.VO 

v N • 

OSCl Clock 
Data T ransfer Clock ; 

Frequency 
Duty Cycle 

Conversion Clock (CLKIN) 
Frequency 
Duty Cycle 

DIGITAL OUTPUTS 

Format 

Coding 

Logic Levels (Except OSC2) 

V Ot 

Vo„ 

OSC2 

Conversion Clock (CLKOUT) 
Drive CapabiBty \ 


POWER SUPPLIES Jv 

Rated Voltage 

V 

V 0 4|| 

Power Consumption 
Supply Current 


TEMPERATURE RANGE 

Specification 

Storage 



NOTES: (1) All dynamic specifications are based on 2048-point FFTs, using coherent sampling. 
±2.75Vp-p. (3) Adjustable to zero with external potentiometer. 


(2) All specifications in dB are referred to a full-scale input, 
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MECHANICAL 



ABSOLUTE MAXIMUM RATINGS 


DSP*# PIN ASSIGNMENTS 
ISil I name I description 



V A + to Analog Common 

V A - to Analog Common 

V D to Digital Common 

Analog Common to Digital Common 

Control Inputs to Digital Common .,...!..4 

Analog Input Voltage 4 

Maximum Junction Temperature 

Internal Power Dissipation 

Lead Temperature (soldering; IQs} 

Thermal Resistance, Elastic P&i* .V. : 


DSP101 PIN CONFlillHli 


+7V 

-tv 

+7V 

.±iv 

-0«5toV* + 0.5V 

X 3is£c 

... 4 . 825mW 

.+300°C 

.:.... 50°C/W, 



vpOt 

: Trim Reference Out. • 


Analog in. • 

mmo.. 

:: MSB Adjust ln. ; : 

VOS 

vos Adjustin. 

V 

-5V Analog Power. 

% V A + 

:45 V Analog. Power. 

DGND :: ?i 

: Digital GroUfiid. 

. DGND 

•Dlgrtal: Ground. 


+8V:Digital Power. 

::0LKIN 

Conversion Clock In. 

OIKOUT 

..Conversion Clock Out. Can drive multiple 
:: DSP101/DSP102s to synchronize conversion. 

\SSF* : " 

Select Synch Format In. If HIGH, SYNC will be 
active High. If LOW, SYNC will be active Low. 

See timing diagram (Figure 1). 

OSC1 

Oscillator Point 1 In/Extemal Clock In. If using 
external clock, drive with 74HC logic levels. 

OSC2 

Oscillator Point 2 Out. Provides drive for crystal 
oscillator. Make no electrical connection if using 
external clock. 

SYNC 

Data Synchronization Out. Active High when SSF 
is HIGH; active Low when SSF is LOW. 

XCLK 

Data Transfer Clock In. 


No Connection. 

TAG 

User Tag In. Data clocked into this pin is 
appended to the conversion results on SOUT. 

See timing diagram (Figure 1). 


No Connection. 

SOUT 

Serial Data Out. MSB first, Binary Two’s 
Complement format 

CONV 

Convert Command In. Falling edge puts converter 
into hold state, initiates conversion, and transmits 
previous conversion results to DSP IC with 
appropriate SYNC pulse. 

DGND 

Digital Ground. 

No Connection. 


No Connection. 

No Connection. 

CAP 

Bypass Capacitor. 

REF 

Reference Bypass. 

AGND 

Analog Ground. 
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DSP102 PIN CONFIGURATION DSP102 PIN ASSIGNMENTS 


VPOTA 

1 


■ 

m 

AGND 

VINA 

2 


l 

REF 

MSBA 

3 



VPOTB 

VOSA 

4 


1 

VINB 

V A - 

5 


1 

i* 32® 

V a + 

6 


Q 



— 

DSP102 

mm 


DGND 

7 



CASC 

DGND 

8 


i 

CONV 


9 


20 

SOUTA 

CLKIN 

S3 


m 

TAGB 

CLKOUT 

m 


]3 

TAGA 

SSF 

m 


D 

SOUTB >3 

OSC1 

E 


m 

XCLK Ilf''''''' 1 "" 

OSC2 

m 

■ 


m 

1 

SYNC 


E El 

NAME 

DESCRIPTION 


VPOTA 

Channel A Trim Reference Out. 


VINA 

Channel A Analog In. 


MSBA 

Channel A MSB Adjust In. 


VOSA 

Channel A VOS Adjust In. 

5 

v A - 

-5 V Analog Power. 

6 

V A+ 

+5V Analog Power. 


DGND 

Digital Ground. 


DGND 

Digital Ground. 


V D 

+5V Digital Power. 

10 

CLKIN 

Conversion Clock In. 

11 

CLKOUT 

Conversion Clock Out. Can drive multiple DSP101/ 
DSP 102s to synchronize conversion. 

12 

SSF 

Select Synch Format In. If HIGH, SYNC will be 
active High. If LOW, SYNC will be active Low. See 
timing diagram (Figure 1). 

13 

OSC1 

Oscillator Point 1 In / External Clock In. If using 
external clock, drive with 74HC logic levels. 

14 

OSC2 

Oscillator Point 2 Out. Provides drive for crystal 
oscillator. Make no electrical connection if using 
external dock. 

15 

SYNC 

Data Synchronization Out. Active High when SSF 
is HIGH; active Lpw when SSF Is LOW. 

■ . .16 

%CLK 

Data Transfer Clock ln» 

, i7 - 

s|mtb 

Channel. B Serial DataQut MSB first, Binary 

Two* Complement format 


: TAGA 

Channel A User Tag In. Data docked into this pin 
is appended to tha conversion results of SOUTA. 
: ; ,Selft:ifmfng diagram (Figurai). 

-19 

rfil 

Ghanrtd B U Tag tri. Data docked into this pin 
ffs appended to the cdiiyersion results of SOUTB. 
See timing dtagramj. (Figure 1). 

2pl" : 

v||UTA 

Channel A Serial Data Out. MSB first. Binary 

Two’s Complement format. If CASC is HIGH, 32 
..bits of cfa&output, with first 16 bits being Channel 
.A data. : 

wmm 

: CONV 

. Convert Command In. Falling edge puts converter 
Into hold state, initiates conversion, and transmits 
previous conversion results to DSP IC with 
appropriate SYNC pulse. 

;|:,.22 \ 

clp r 

Select Cascade Mode In. If HIGH, DSP102 
transmits a 32-bit word on SOUTA, with the first 16 
bits being data on Channel A. If LOW, DSP102 
transmits data for both channels simultaneously. 

ik 2p i:: " 

VOSB 

Channel B VOS Adjust In. 

24 

MSBB 

Channel B MSB Adjust In. 

.. 25 

VINB 

Channel B Analog In. 

26 

VPOTB 

Channel B Trim Reference Out. 

27 

REF 

Reference Bypass. 

28 

AGND 

Analog Ground. 
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FIGURE 1. DSP101 and DSP102 Timing. 
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DSP102 Cascade Mode (CASC = HIGH) 



SYMBOL 

DESCRIPTION 

MIN 


*, 

XCLK period. Duty Cycle 50% ±10% 

83 



Convert Command LOW Time 

50 


t, 

Convert Period (CASC = LOW on DSP102) 

24 


t 4 

Convert Period (CASC « HIGH on DSP102) 

40 


ts 

SYNC Active Delay after Convert Falling Edge 

t, +40 

2*, 

t. 

SYNC LOW to HIGH Delay from XCLK Rising; C L = 50pF 


15 

t, 

SYNC HIGH to LOW Delay from XCLK Rising; C L = 50pF 


15 

t. 

SOUTA/B Data Valid Delay from XCLK Rising; C t = 50pF 


15 

*„ 

SOUTA/B Data Valid After from XCLK Rising; C L = 50pF 

10 


*10 

TAGA/B Data Setup before XCLK Rising 

20 


*11 

TAGA/B Data Hold after XCLK Rising 


0 

*12 

0SC1 Periods Duty Cycle 50% ± 10% 

67 

667 

*13 

CLKOUT Period. Duty Cycle 33% ± 10% 

3L ? 

*14 

CLKIN Period. Duty Cycle 33% ± 20% 

200 

2000 


50 - 


NOTES: (l)When using a DSP 1C in a 16-bit mode, these data bits will be ignored by the processor, 
must be at least 72 times faster than the conversion rate, (t,, t 4 £ 72 t, 2 ) 
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- ±3V Analog Output 


FIGURE 2. Analog Input and Analog Output System; 



FIGURE 3. Using DSP1Q2 with TMS320C30. 



FIGURE 4. Using DSP102 with TMS320C30 in Cascade Mode. 
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DSP102 

XCLK — 
SOUTA — 

±2.75V Analog Input 2 17 

Channel A -VINA SOUTB 


±2.75V Analog Input 25 
Channel B • 


VINB SYNC 


TTL Bit 

Clock 

TMS320C30 

CLKR-0 

CLKX-0 

CLKR-1 

CLKX-1 

DR -0 

DX-0 

DR-1 

DX-1 

FSR-0 

FSX-0 

FSR-1 

FSX-1 


DSP202< 3 > 


14 I ’ lot ±3V Analog Output 

SINB VOUTA P— Channel A 


SYNC VOUTB 


Ij ^13V Analog CXitput 

I Channel B 


Conversion Rate 
... CeneraJorW 


NOTES: (1) Sample rate on DSP102 and DSP202 may differ, (2) Analog Devices ADSP2101 may be used. SPORT1 and SPQRT 2 
are used for serial MSB first communication. (3) See Burr-Brown DSP201/DSP2Q2 product data sheet lor full description of this DAC. 


FIGURE 5. Two-Channel Analog Input and Output System With TMS320C30. 


12.75V Analog Input 2 

Channel A m VINA : 

12 . 75 V Analog Input 05 

Channel B \ — -*■ VINB 


: OSPiOZ-;::.. : , A 

XCLK — l— 

; SOUTA 

A: SOUTB H — o NC 


TMS320C3$| 


CLKR-0 

CLKX-0, 

isi^ 


= : ; DX-0 P— 

fpi 



1 : 14 

F$R-Q 

FSX-0 ' 

11 


• ;f)SP202< 4 > 
TT- XCLK 


21 13V Analog C 

— Channel 


ijy S YNC ■1 5^ ,; ^ :.- PSR c \ FSX -0 — SYNC VOUTB 1 

SSF : ' :j - • IVl;-: +5V 0 — — SSF 

• CASC — O +5V : +5V O — SWL 

|— +5VO— ! — CASC 

QQW 21 Conversion Rate JjL C0 NV 

Generator! 2 ) 

y Program .' TMS320C30 for 32-bft mode. ( 2 ) Sample rate on DSP 102 and DSP 202 may differ. (3) DSP32C may b 
>wn DSP201/202 product data sheet for full description of this DAC. 


FIGURE 6. Two-Channel; Analog Input and Output System with TMS320C30 in Cascade Mode. 


Li 


1 

( 9 



+5V 0 

1 10 



+5V 0 

1 16 


1 Conversion Rate 1 


15 


NOTES: < 1 ) Program TMS320C30for 32- 
(4) Burr-Brown DSP201/202 product data 
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XCLK 


SYNC 

VIN 

SOUT 


SSF 


CONV 



Conversion Rate 
Generator 


NOTES: (1) TMS320C25 FSR externa). 16-blt data. 


FIGURE 7. Using DSP10I with TMS320C25. 


±2.75V Analog Input VIN SOUT L-— 



SSF I 0 45 V 

I 21 :. 


■Conversion Rate 
Generator 


j . NOTES: (1) OSP56001 loii': MSB bit first data. (2) DSP56001 data may be either 16-bit or 24-bit. 


FIGURE 8. Using DSP10I with DSP56001. . 


±2.75V Anaiog Input — -SJ^VlN SOUT 



Conversion Rate 
Generator 


NOTE: (1) DSP32C programmed for MSB bit first 16-bit data. 


FIGURE 9. Using DSP101 with DSP32C. 
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±2.75V Analog Input 
Channel A 
±2.75V Analog Input 
Channel B 


NOTES: (1) DSP32C programmed 32- 


FIGURE 10. Using DSP202 with DSP32C in Cascadl 



•bit data MSB bit first. 


(Sjl iD^ iormait ls Channel A. 16-bits, MSB first, then Channel G 



FIGURE 11. Using DSP101 with DSP16. 



FIGURE 12. Using DSPI02 with ADSP-2101. 
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±2.75V Analog Input 



FIGURE 13. Using DSP101 with ADSP-2105. 


DSP102 



FIGURE 14. DSP 102 Power Supply Connections. 
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DSP102 



FIGURE 17. DSP102 Conversion Clock Circuit. 


Burr-Brown IC Data Book Supplement, Vol. 33b 


14-15 





For Immediate Assistance, Contact Your Local Salesperson 


DSP201 

DSP202 


DSP-Compatible Single/Dual 
DIGITAL-TO-ANALOG CONVERTERS 


FEATURES DESCRIPTION 



• ZERO-CHIP INTERFACE TO STANDARD 
DSP ICs: AD, AT&T, MOTOROLA, Tl 

• SINGLE CHANNEL: DSP201 

• DUAL CHANNEL: DSP202 

Two Serial Inputs or Cascade from Single 
32-Bit Word 

• SAMPLING RATE TO 500kHz 

• DYNAMIC SPECIFICATIONS: 

Signal/(Noise + Distortion) = 90dB; 

THD = -92dB 

• USER SELECTABLE 16-BIT OR 18-BIT 
DATA WORDS 


The DSP201 and DSP202 are high performance digi- 
tal-to- analog converters designed for simplicity of use 
with modem digital signal processing ICs. Both are 
complete with all interface logic for use directly with 
DSP ICs, and provide analog output voltages updated 
at up to 500kHz. 

The DSP201 offers a single complete voltage output 
channel, accepting either 16 bits or 18 bits of input 
data, and can be driven by 16-bit, 24-bit, or 32-bit 
serial ports. The DSP202 offers two complete voltage 
output channels, with either two separate input ports, 
or a mode to drive both output channels from a single 
32-bit word. 


Both the DSP201 and DSP202 are packaged in stan- 
dard, low-cost 28-pin plastic DIP packages. Each is 
offered in two performance grades to match applica- 
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DC ACCURACY 
Integral Nonlinearity Error 
Differential Nonlinearity Error 
Bipolar Zero Error <5 » 

Bipolar Zero Error Drift 
Bipolar Zero Mismatch <*> 
Gain Error (5) 

Gain Error Drift 
Gain Error Mismatch ,5) 

Digital Feedthrough 
Power Supply Sensitivity 

DIGITAL INPUTS 

Format 
Coding 
Logic Levels 

K 

v w 

Data Transfer Clock 
Frequency 
Duty Cycle 

DIGITAL OUTPUTS 

V* 

Vqh 

POWER SUPPLIES 

Rated Voltage 
V A + 

V 

V 

Vo- 

Current 


Power Consumption 


TEMPERATURE RANGE 

Specification 

Storage 


NOTES: (1) The data transfer clock must be at least 24 times the update rate for the standard mode, and 40 times the update rate In the DSP202 cascade mode. 
(2) All dynamic specifications are based on 2048-point FFTs. (3) Data for the 1kHz test is bandiimited to 0 to 20kHz. Data for the 10kHz test is bandlimited to 0 toj 
40kHz. (4) All specifications in dB are referred to a full-scale output, ±3Vp-p. (5) Adjustable to zero with external potentiometer. 
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MECHANICAL 



DSP201 PIN CONFIGURATION 


DSP201 PIN ASSIGNMENTS 


DESCRIPTION 



ABSOLUTE MAXIMUM RATINGS 



V A + to Analog Common 

+7V 

V A - to Analog Common 

-7 V 

V D + to Digital Common 

+7V 

V 0 — to Digital Common 

-7V 

Analog Common to Digital Common 

±iv 

Control Inputs to Digital Common 

-0.5 to V 0 + 0.5V 

Analog Input Voltage 


Maximum Junction Temperature 

150°C 

Internal Power Dissipation 

825mW 

Lead Temperature (soldering, 10s) 

+300°C 

Thermal Resistance. G. Plastic DIP 

50°C/W 



-5V Analog Power. 

No Connection. 

No Connection. 

Analog Ground. 

No Connection. 

+5V Digital Power. 

+5V Digital Power. 

Reset. If LOW, DAC output will be OV after two 
convert commands, and will remain there as long 
as the Reset input is LOW. If HIGH, normal 
operation proceeds. Two convert commands are 
required after Reset goes from LOW to HIGH 
before the output will relate to the input word. 
Select Sync Format In. Tie HIGH for use with 
Motorola and Tl DSP ICs. Tie LOW for use with 
AT&T DSP ICs. 

Select Word Length In. If HIGH, DSP201 accepts 
first 16 bits of data. If LOW. DSP201 accepts first 
18 bits of data 

Data Synchronization Output. Active HIGH when 
SSF is HIGH, active LOW when SSF is LOW. 
Data Transfer Clock Input. 

Serial Data In. MSB first. Binary Two’s Comple- 
ment format 
No Connection. 

Convert Command In. DAC is updated on falling 
edge, and initiates clocking new data in. 

Digital Ground. 

Latch Enable In. If LOW, DAC output will be 
latched with new data word on falling edge of 
Convert Command. If HIGH, Convert Commands 
will be ignored. 

Digital Ground. 

Digital Ground. 

-5V Digital Power. 

Voltage Out. 

Analog Ground. 

VOS Adjust In. 

MSB Adjust In. 

Trim Reference Out for MSB adjustment. 

+5V Analog Power. 

Digital Ground. 

Analog Ground. 
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DSP202 PIN CONFIGURATION 



AGND 

DGND 

V A + 

VPOT 

MSBA 

VOSA 

AGNDA 

VOUTA 

v D - 

DGND 

DGND 

ENABLE 

CASC 

CONV 


DSP202 PIN ASSIGNMENTS 


PIN * 

NAME 

DESCRIPTION 


V A - 

-5V Analog Power. 


MSBB 

Channel B MSB Adjust In. 


VOSB 

Channel B VOS Adjust In. 


AGNDB 

Channel B Analog Ground. 

5 

VOUTB 

Channel B Voltage Out 

6 

V 

+5V Digital Power. 


V 

+5V Digital Power. 

1 

RESET 

Reset. If LOW, DAC output will be OV after two 
convert commands, and will remain there as long 
as the Reset input is LOW. If HIGH, normal 
operation proceeds. Two convert commands are 
required after Reset goes from LOW to HIGH 
before the output will relate to the input word. 

■ 

SSF 

Select Sync Format In. Tie HIGH for use with 
Motorola and Tl DSP ICs. Tie LOW for use with 
AT&T DSP ICs. 

10 

SWL 

Select Word Length In. If HIGH, DSP202 accepts 
first 16 bits of data. If LOW, DSP202 accepts first 

18 bits of data. 

11 

SYNC 

Data Synchronization Output. Active HIGH when 
SSF is HIGH, active LOW when SSF is LOW. 

12 

XCLK 

Data Transfer Clock Input 

13 

SINA 

Channel A Serial Data In. MSB first. Binary Two's 
Complement format. In Cascade Mode, connect to 
SINB and to DSP IC output. 

14 

SINB 

Channel B Serial Data In. MSB first, Binary Two's 
Complement format. In Cascade Mode, connect to 
SINA and to DSP IC output. 

15 

CONV 

Convert Command In. DAC is updated on falling 
edge, and initiates clocking new data in. 

16 

CASC 

Select Cascade Mode In. If HIGH, DSP202 
accepts a 32-bit word, and uses the first 16 bits to 
update channel A, and the second 16 bits to 
update channel B. In Cascade Mode. SINA and 
SINB are connected together. If CASC is LOW, 
data is strobed into both channels on each clock 
cycle. 

17 

ENABLE 

Latch Enable In. If LOW, DAC output will be 
latched with new data word on falling edge of 
Convert Command. If HIGH, Convert Commands 
will be ignored. 

18 

DGND 

Digital Ground. 

19 

DGND 

Digital Ground. 

20 

v D - 

-5V Digital Power. 

21 

VOUTA 

Channel A Voltage Out 

22 

AGNDA 

Channel A Analog Ground. 

23 

VOSA 

Channel A VOS Adjust In. 

24 

MSBA 

Channel A MSB Adjust In. 

25 

VPOT 

Trim Reference Out for MSB adjustments. 

26 

V A + 

+5V Analog Power. 

27 

DGND 

Digital Ground. 

28 

AGND 

Analog Ground. 
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FIGURE 1. DSP201 and DSP202 Timing. 
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±2.75V 
Analog Input 


Digital Signal 
Processor 1C 




DATA IN 

DATA OUT 

SYNC 

SYNC 


Conversion Rate 
Generator 


XCLK 


SIN 

VOUT 

SYNC 


SSF 


SWL 


CONV 



- ±3V Analog Output 


DSP PROCESSOR 

SYNC FORMAT 

SERIAL I/O WORD 

•SSF 

**SWL 

DSP32C, DSP16 

Active Low 

16 Bits 

LOW 

HIGH 

DSP56001 

Active High 

24 Bits 

HIGH 

LOW 

DSP56001 

Active High 

16 Bits 

HIGH 

HIGH 

TMS320C25/C30 

Active High 

16 Bits 

HIGH 

HIGH 

ADSP21 01/21 05 

Active High 

16 Bits 

HIGH 

HIGH 


'See Burr-Brown DSP101/102 product data sheet for full description of this ADC. 


FIGURE 2. Analog Input and Analog Output System. 



12 

XCLK 

11 

SYNC 

13 

SINA VOUTA 

14 

SINB VOUTB 

15 


16 

OvJINV 

CASC 

9 

SSF 

10 

SWL 

17 

ENABLE 

8 

RESET 


■ — »- ±3V Analog Output from DSP #1 
— ±3V Analog Output from DSP #2 


DIGITAL SIGNAL PROCESSOR | SYNC FORMAT 


AT&T DSP32C 
AT&T DSP16 
DSP56001 



DATA LENGTH 


16-Bit, Logic 1 
16-Bit, Logic 1 
16-Bit, Logic 1 
24-Bit, Logic 0 
16-Bit, Logic 1 


I 


FIGURE 3. DSP202 with Dual DSP ICs. 
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FIGURE 4. Using DSP202 with TMS320C30’s Dual SIO. 



±3V Analog Output Channel A 
±3V Analog Output Channel B 


FIGURE 5. Using DSP202 with TMS320C30 in Cascade Mode. 
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±2.75V 

Analog Input C 
Channel A 

±2.75V 

Analog Input C 
Channel B 



XCLK 

VINA 

SOUTA 


SOUTB 


SYNC 

VINB 

SSF 


CASC 


CONV 


Conversion Rate 
Generator 


CLKR-0 

CLKR-0 

CLKR-1 

CLKR-1 

DR-0 

DX-0 

DR-1 

DX-1 

FSR-0 

FSR-1 

FSX-0 

FSX-1 


XCLK 


SINA 

VOUTA 

SINB 


SYNC 


SSF 


SWL 


CASC 


CONV 



5 ~— ±3V Analog Output 
Channel B 


NOTES: (1) Sample rate on DSP102 and DSP202 may differ. (2) Analog Devices ADSP2101 may be used. SPORT1 and SPORT2 are used for serial 
MSB first communication. 

‘See Burr-Brown DSP101/102 product data sheet for full description of this ADC. 


FIGURE 6. Two-Channel Analog Input and Output System with TMS320C30. 


±2.75V 
Analog Input c 
Channel A 


±2.75V 
Analog Input C 
Channel B 



XCLK 

VINA 

SOUTA 


SOUTB 

VINB 

SYNC 


SSF 


CASC 


CONV 


CLKR-0 

CLKX-0 

DR-0 

DX-0 

FSR-0 

FSX-0 


XCLK 


SINA 

VOUTA 

SINB 
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NOTES: (1) Program TMS320C30 for 32-bit mode. (2) Sample rate on DSP102 and DSP202 may differ. (3) DSP32C may also be used 
in this mode, with SSF pins tied LOW. ‘See Burr-Brown DSP1 01/DSP1 02 product data sheet for full description of this ADC. 


FIGURE 7. Two-Channel Analog Input and Output System with TMS320C30 in Cascade Mode. 
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NOTES: (1 ) DSP56001 programmed for MSB bit first. (2) For 1 6-bit data connect SWL to Logic 1 ; For 24-bit data connect SWL to Logic 0. 


FIGURE 9. Using DSP201 with DSP56001. 



FIGURE 10. Using DSP201 with DSP32C with 16-Bit Data Words. 
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±3 V Analog Output Channel A 
±3V Analog Output Channel B 


NOTES: (1) DSP32C programmed for MSB bit first (2) Data length 32 bits. External OCK, ILD. 


FIGURE 1 1. Using DSP202 with DSP32C in Cascade Mode. 



±3V Analog Output 


NOTE: (1) DSP16 programmed for MSB bit first 16-bit data. 


FIGURE 12. Using DSP201 with DSP 16. 
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FIGURE 14. DSP201 Power Supply Connections and Adjust Circuits. 
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DSP202 



FIGURE 15. DSP202 Power Supply Connections and Optional Offset Voltage Adjustment. 



FIGURE 16. DSP202 Optional MSB Adjust Circuit. 
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PC-Based Design/Test/ 
Evaluation System for the ADC603 


BENEFITS/FEATURES 

■ COMPLETE SYSTEM “READY-TO-USE” WITH 
YOUR PC 

■ HIGH PERFORMANCE ADC603 ANALOG 
INPUTS (12-BIT ACCURACY 10MHz 
SAMPLING RATE) 

■ 64K WORD 10MHz DIGITAL BUFFER PC 
BOARD 

■ HIGH PERFORMANCE FLOATING POINT DSP 
PROCESSOR (AT&T WE® DSP32C) 

E RUNS UNDER MS/DOS ON IBM® AT OR 
COMPATIBLE 

■ DSP DEVELOPMENT SOFTWARE INCLUDED 
(DSPLAY XL™) 

■ COMPLETE ADC TEST/EVALUATION 
SOFTWARE INCLUDED 


APPLICATIONS 

■ DEVICE EVALUATION/CHARACTERIZATION 

■ SYSTEM DESIGN/DEVELOPMENT 

■ HIGH PERFORMANCE INSTRUMENTATION 

■ REAL-TIME SIGNAL PROCESSING ALGORITHM 
DEVELOPMENT 

■ MEDICAL IMAGING 

■ SONAR 

■ HIGH PERFORMANCE FFT SPECTRUM 
ANALYSIS 

■ HIGH SPEED DATA ACQUISITION 

■ ULTRASOUND SIGNAL PROCESSING 

■ l&Q PROCESSING 

■ ADC TESTING 

■ FATIGUE ANALYSIS 

■ NON-DESTRUCTIVE TESTING 

■ SCIENTIFIC RESEARCH 

DESCRIPTION 

The DSP-SYS603 Design System for the high performance 
ADC603 provides the user a ready-to-use solution for evalu- 
ation, test, and development purposes. As an evaluation tool, 



the DSP-SYS603 can be used to analyze the performance of 
the ADC603 in specific applications. As a test instrument, it 
can be used to establish and measure specification profiles 
for certifying device system performance. As a development 
system, the DSP-SYS603 can receive direct analog signals 
and use them as inputs for the DSP processor. 

Analog signals are converted at up to 10MHz with true 12- 
bit accuracy. The digital input is transferred to a DSP 
processor where, using DSPlay XL development software, 
signal processing algorithms may be easily designed and 
implemented. 

Furthermore, using the Dynamic Signal Analysis software 
that is provided, the system may be used as a high perform- 
ance digitizing scope, spectrum analyzer or histogram ana- 
lyzer. Thus, the system can be used as a test instrument for 
assisting in the design of new products or the troubleshoot- 
ing of circuitry. It may also be used as a receiving inspection 
station for testing hard-to-evaluate high performance ana- 
log-to-digital converters at time of receipt for manufactur- 
ing. 

The DSP-SYS603 has two configuration options. Each sys- 
tem is made up of a combination of the following compo- 
nents best suited for specific applications: 

■ External Box with single or dual-channel ADC603 
Converter(s) 

■ 64K Word Digital Input Buffer Board(s) 

■ AT&T DSP32C Processor Board with 576K SRAM 

■ DSPlay XL Real Time DSP Development Software 

■ Dynamic Signal Analysis Test Software 


BURR-BROWN 
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These system components are described below. More de- 
tailed descriptions can be provided upon request. 

ANALOG SIGNAL INPUT BOX (ZPD1002) 

The single or dual-channel external input box contains one 
or two ADC603s and drivers to provide high performance 
analog input into the system. The ADC603 is a 12-bit 
10MHz sampling analog-to-digital converter. 

COMPUTER PLATFORM 

The system is designed to operate in an IBM PC/AT envi- 
ronment with an EGA or VGA monitor and Microsoft® 
Mouse. Although the standard system does not include the 
computer platform, a factory supplied computer (IBM AT- 
compatible) is available as an option. If the computer is 
purchased, all of the components are tested as a complete 
system, and shipped from the factory as a “ ready -to-use” 
instrument. (Contact Customer Support at 1-800-548-6132 
for price and delivery information for the complete system 
including the computer platform.) 

DSP PROCESSOR BOARD (ZPB34-004) 

The DSP processor board provided with the system (ZPB34- 
004) uses an AT&T DSP32C processor. This processor is 
capable of 25MFLOPS and is able to perform a 32-Bit 
multiply/accumulate instruction in 80ns. The board has 
576KB of local SRAM and buffered high-speed (lOMBits 
per second) serial I/O ports. 

DIGITAL INPUT BUFFER (ZPB6064) 

Due to the high speed sample rate of the ADC603, the 
system includes a digital input buffer board. This high speed 
card will capture, and subsequentially transfer, up to 65,536 
words of data. Buffer size is set through the PC I/O port for 
32 to 65,536 words with a word being 16 bits of digital 
information on either the ECL or TTL input signal at speeds 
from near DC to 10MHz. 

Input data capture can be controlled by the Trigger function 
which can be either an external (ECL/TTL) signal or a PC 
I/O control byte. Post trigger data capture can be set for 1 to 
maximum buffer size minus one. 

A second digital input buffer can be installed and slaved to 
the first card. The two boards can be triggered and clocked 
independently or simultaneously. When both buffers are 
full, the data can be serially transferred as 32-bit words (two 
concatenated 16-bit words). This feature can double the 
effective capture speed or allow two independent 16-bit 
input paths. 

DYNAMIC SIGNAL ANALYSIS 
SOFTWARE (ZPA100) 

At the heart of the system is the Dynamic Signal Analysis 
software which transforms the PC into a complete test and 
evaluation instrument, capable of analyzing data in time and 
frequency domain as well as producing linearity measure- 
ments. The software allows the PC to operate as any of three 


test instruments: digitizing scope, spectrum analyzer and 
histogram analyzer. 

As a digitizing scope, the user may view, measure and 
analyze incoming data in the time domain. 

Operating as a spectrum analyzer, FFTs are used for view- 
ing, measuring or analyzing incoming data in the frequency 
domain. Direct readout of harmonic content, THD, SNR, 
THD + SNR, DC offset, and spurious-free dynamic range is 
possible through spectrum analysis. 

Functioning as an histogram analyzer, the user may display 
histograms, differential non-linearity (DNL), and integral 
non-linearity (INL). For convenience, the software is com- 
pletely mouse-driven allowing the user to zoom, pan, move 
markers, use display lines, or change parameters with simple 
mouse movements. Setup save and load features are also 
included. 

DSP DEVELOPMENT SOFTWARE (ZPM32) 

A second integral piece of software provided for real-time 
development is DSPlay XL. Supplied with over 100 block 
functions, DSPlay XL uses Flowgrams™ (block diagrams 
of an application) to develop algorithms which are executed 
on the system’s DSP processor. Once designed and verified, 
the executable code can be saved and ported to any DSP 
system using the AT&T DSP32 or DSP32C processors. 


HIGH PERFORMANCE 
WORKSTATION CONFIGURATIONS 

As an integrated system, the state-of-the-art development 
and evaluation tools described above form a user-friendly, 
yet extremely powerful, workstation environment for real- 
time DSP applications. Since the applications for DSP are 
varied, two configurations for the high performance devel- 
opment system are offered. 


Single Channel Analog Input System 
(DSP-SYS603-001 ) 

Description 

The DSP-SYS603-001 is the basic system for acquiring and 
working with single input analog signals at the 12-bit 10MHz 
sampling rate of the ADC603. For applications where it is 
necessary to evaluate the incorporation of an ADC603 into 
a current design or design under development, the -001 
system allows the user to analyze the effects of the high 
performance of the ADC603. Furthermore, this analysis can 
be accomplished with little more effort than making the 
appropriate connections and establishing the proper system 
setup. 


In addition to design support, the DSP-SYS603 may be used 
as the test software to characterize the performance of the | 
user’s system. A third application for the workstation is to I 
take advantage of the development software in order to * 
design DSP circuits that will enhance the performance of 
the user’s system. DSP-SYS603 software will allow the user 
to not only develop the DSP algorithms, but will port the 
executable code to any DSP32C processors for continued 
use within the user’s system. 
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FIGURE 1 . Single Channel Analog Input System. 


Dual Channel Analog Input System 
(DSP-SYS603-002) 

Description 

The -002 system configuration is designed for applications 
where simultaneous sampling is required. Included in this 
system is an analog input box with dual ADC603s along 
with two digital input buffer boards. As a dual input system 
configuration, independent high resolution samples can be 
taken simultaneously, then passed to the respective buffer 
board, where the two inputs are concatenated to form one 
32-bit word for transfer to the DSP board for analysis and 
processing. 



FIGURE 2. Dual Channel Analog Input System. 
Digital Input Buffer 


Sample Rate: 10MHz max (externally 

supplied) 

Data Format Out: Buffered Differential line 

drivers 

Base I/O Address: I/O Port Address 0X0-0X3FF 

I/O Mapped 4 Ports 


DSP Processor Board 

Memory: 64KB 0 Wait State 

512KB 1 Wait State 

Clock Rate: 49.152MHz 

Addressing: I/O Port Address 0X0-0X3FF 

I/O Mapped 16 Ports 

Interrupts: Selectable IRQ3-7,9-12,14,l5 

Serial I/O: Buffered Differential Line 

Drivers and Receivers 
Terminated in 100Q 
Serial I/O- Internal: 6.1MBits/s 


DSP Development Software 

Over 100 DSP and related block functions in the follow- 
ing categories: 

Non_linear 
0_scope 
Spectrum 
Trigonometric 
Window 
Measure 


Arithmetic 

Data 

Filter 

Generator 

Input_Output 

fiLe 

suBgram 


Execution times for several common functions: 
1024 Point Complex FFT ..3.8ms 

128 Tap FIR Filter 80ns X 128 

Second Order IIR Section ..80ns X 5 


Dynamic Signal Analysis Software 

Software performs instrumentation functions for: 

Digitizing Scope 

Spectrum Analyzer 

Histogram Analyzer 

Configuration 

Hardware Requirements; 

IBM AT Compatible 
640K memory 
Math Co-processor 
Mass Storage — Hard disk and one 
floppy drive 

Monitor — EGA or VGA 
Printer (optional) — IBM graphics printer, HP 
Laser jet printer or compatibles 


Software Requirements 

PC/MS-DOS Versions 3.0 or higher 

SUPPLIED ACCESSORIES 

Power Supply for the Analog Input Box 

Power Connectors 

Connection Cables 

DSP Development Software Manual 

Dynamic Signal Analysis Software Manual 

DSP-SYS701 User’s Manual 
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SPECIFICATIONS 


PARAMETERS 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

INPUTS 

Analog 






Input Range 


—1.25 


+1.25 

V 

Input Impedance 

Digital 



50 


Cl 

Logic Family 

Convert Command 

TTL 

Positive Edge 





Pulse Width 

10 


t-20 

ns 

Trigger 

Positive Edge 





Pulse Width 


20 



ns 

TRANSFER CHARACTERISTICS 

Accuracy 

Gain Error 

Conversion Characteristics 

f - 200Hz 


±0.1 

±1 

%FSR 

Sample Rate 

Dynamic Characteristics 


DC 


10 

MHz 

Signal-to-Noise Ratio (SNR) 

f. 100kHz 
f 8 - 9.99MHz 

66 

70.1 


dB 

OUTPUTS 






Logic Family - Differential ECL 

Logic coding - Two’s Complement 

Logic Levels - 

Logic “LO" 

-1.95 


-1.63 

H 


Logic “Hr 

-0.98 


-0.81 


Data Valid Pulse Width 


20 

45 

60 

WEM 


OPTIONAL CONFIGURED HARDWARE SYSTEM, 
INCLUDES HIGH PERFORMANCE 386PC 

Burr-Brown will provide, as an option, an entire test/evalu- 
ation system including the required configuration hardware 
and software. With the purchase of this option, the system is 
configured and tested prior to shipment. Thus, the customer 
will receive a complete tum-key test/evaluation system for 
the ADC603. 

The configuration hardware will be a high performance, 386 
computer (without printer). For details of the exact computer 
specifications to be used at the time of shipment, contact 
your sales representative. 


ORDERING INFORMATION 


To order, please specify: 

DSP-SYS603-001 

...Single Channel Analog Input 
System 

DSP-SYS603-002 

...Dual Channel Analog Input 
System with Digital Input 
Buffers 

DSP-SYS603-XXXA .. 

...Analog Input System 
including Configured 

Hardware System 


FOR MORE INFORMATION 

For more information contact Applications Engineering at 
1-800-548-6132. 


FlowGram™ Burr-Brown Corp. 
DSPlay XL™ Burr-Brown Coip. 
Microsoft® Microsoft Corp. 

WE® DSP32C AT&T Coip. 

IBM® PC IBM Corp. 


14-31 


Burr-Brown IC Data Book Supplement, Vol. 33b 


DSP-SYS701 W DSP AND OTHER BURR-BROWN PRODUCTS 






















For Immediate Assistance, Contact Your Local Salesperson 


BURR-BROWW8 


DSP-SYS701 
PC-Based Design/Test/ 
Evaluation System for the ADC701 


BENEFITS/FEATURES 

■ COMPLETE SYSTEM “READY-TO-USE” WITH 
YOUR PC 

■ HIGH PERFORMANCE ADC701 ANALOG 
INPUTS (16-BIT ACCURACY 500kHz SAMPLING 
RATE) 

■ 64K WORD 10MHz DIGITAL BUFFER BOARD 
FOR THE PC 

■ HIGH PERFORMANCE FLOATING POINT DSP 
PROCESSOR (AT&T WE® DSP32C) FOR THE 
PC 

■ RUNS UNDER MS/DOS ON IBM® AT OR 
COMPATIBLE 

■ DSP DEVELOPMENT SOFTWARE INCLUDED 
(DSPLAY XL™) 

■ COMPLETE ADC TEST/EVALUATION 
SOFTWARE INCLUDED 


APPLICATIONS 

■ ADC701 EVALUATION/CHARACTERIZATION 

■ SYSTEM DESIGN/DEVELOPMENT 

■ HIGH PERFORMANCE INSTRUMENTATION 

■ REAL-TIME SIGNAL PROCESSING ALGORITHM 
DEVELOPMENT 

■ MEDICAL IMAGING 

■ SONAR 

■ HIGH PERFORMANCE FFT SPECTRUM 
ANALYSIS 

■ HIGH SPEED DATA ACQUISITION 

■ ULTRASOUND SIGNAL PROCESSING 

■ l&Q PROCESSING 

■ ADC TESTING 

■ FATIGUE ANALYSIS 

■ NON-DESTRUCTIVE TESTING 

■ SCIENTIFIC RESEARCH 

DESCRIPTION 

The DSP-SYS701 Design System for the high performance 
ADC701 provides the user a ready-to-use solution for evalu- 



ation, test, and development purposes. As an evaluation tool, 
the DSP-SYS701 can be used to analyze the performance of 
the ADC701 in specific applications. As a test instrument, it 
can be used to establish and measure specification profiles 
for certifying device system performance. As a development 
system, the DSP-SYS701 can receive direct analog signals 
and use them as inputs for the DSP processor. 

Analog signals are converted at up to 500kHz with true 16- 
bit accuracy. The digital input is transferred in real time to 
a DSP processor where, using DSPlay XL development 
software, signal processing algorithms may be easily de- 
signed and implemented. 

Furthermore, using the Dynamic Signal Analysis software 
that is provided, the system may be used as a high perform- 
ance digitizing scope, spectrum analyzer or histogram ana- 
lyzer. Thus, the system can be used as a test instrument for 
assisting in the design of new products or the troubleshoot- 
ing of circuitry. It may also be used as a receiving inspection 
station for testing hard-to-evaluate high performance ana- 
log-to-digital converters at time of receipt for manufactur- 
ing. 

The DSP-SYS701 has three configuration options. Each 
system is made up of a combination of the following 
components best suited for specific applications: 

■ External Box(es) with ADC701 Converter 

■ 64K Word Digital Input Buffer Board(s) 

■ AT&T DSP32C Processor Board with 576K SRAM 

■ DSPlay XL Real Time DSP Development Software 

■ Dynamic Signal Analysis Test Software 
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These system components are described below. More de- 
tailed descriptions can be provided upon request. 

ANALOG SIGNAL INPUT BOX (ZPD1003) 

This external input box contains an ADC701 and the neces- 
sary clock and drivers to provide high performance analog 
input. The ADC701 is a 16-bit 500kHz analog-to-digital 
converter. Included in the box is a companion sample/hold 
amplifier that provides outstanding dynamic performance. 

COMPUTER PLATFORM 

The system is designed to operate in an IBM PC/AT envi- 
ronment with an EGA or VGA monitor and Microsoft® 
Mouse. Although the standard system does not include the 
computer platform, a factory supplied computer (IBM AT- 
compatible) is available as an option. If the computer is 
purchased, all of the components are tested as a complete 
system, and shipped from the factory as a “ready-to-use” 
instrument. (Contact Customer Support at 1-800-548-6132 
for price and delivery information for the complete system 
including the computer platform) 

DSP PROCESSOR BOARD (ZPB34-004) 

The DSP processor board provided with the system uses an 
AT&T DSP32C processor. This processor is capable of 
25MFLOPS and is able to perform a 32-bit multiply/accu- 
mulate instruction in 80ns. The board has 576KB of local 
RAM and buffered high-speed (lOMBits per second) serial 
I/O ports. 

DIGITAL INPUT BUFFER (ZPB6064) 

In the event that an application may require that the data be 
buffered, two configurations of the system include a digital 
input buffer board. This high speed card will capture, and 
subsequently transfer, up to 65,536 words of data. Buffer 
size is set through the PC I/O port for 32 to 65,536 words 
with a word being 16 bits of digital information on either the 
ECL or TTL input signal at speeds from near DC to 10MHz. 

Input data capture can be controlled by the Trigger function 
which can be either an external (ECL/TTL) signal or a PC 
I/O control byte. Post trigger data capture can be set for 1 to 
maximum buffer size minus one. 

A second digital input buffer can be installed and slaved to 
the first card. The two boards can be triggered and clocked 
independently or simultaneously. When both buffers are 
full, the data can be serially transferred as 32-bit words (two 
concatenated 16-bit words). This feature can double the 
effective capture speed or allow two independent 16-bit 
input paths. 

DYNAMIC SIGNAL ANALYSIS SOFTWARE 

At the heart of the system is the Dynamic Signal Analysis 
software which transforms the PC into a complete test and 
evaluation instrument, capable of analyzing data in time and 
frequency domain as well as producing linearity measure- 
ments. The software allows the PC to operate as any of three 


test instruments: digitizing scope, spectrum analyzer and 
histogram analyzer. 

As a digitizing scope, the user may view, measure and 
analyze incoming data in the time domain. 

Operating as a spectrum analyzer, FFTs are used for view- 
ing, measuring or analyzing incoming data in the frequency 
domain. Direct readout of harmonic content, THD, SNR, 
THD + SNR, DC offset and spurious-free dynamic range is 
possible. 

Functioning as an histogram analyzer, the user may display 
histograms, dynamic linearity (DNL), and integral linearity 
(INL). For convenience, the software is completely mouse- 
driven, allowing the user to zoom, pan, move markers, use 
display lines, or change parameters with simple mouse 
movements. Setup save and load features are also included. 


A second integral piece of software provided for real-time 
development is DSPlay XL. Supplied with over 100 block 
functions, DSPlay XL uses Flowgrams™ (block diagrams 
of an application) to develop algorithms which are executed 
on the system’s DSP processor. Once designed and verified, 
the executable code can be saved and ported to any DSP 
system using the AT&T DSP32 or DSP32C processors. 


As an integrated system, the state-of-the-art development 
and evaluation tools described above form a user-friendly, 
yet extremely powerful, workstation environment for real- 
time DSP applications. Since the applications for DSP are 
varied, three configurations for the high performance devel- 
opment system are offered. 

Single Channel Analog Input System (DSP-SYS701- 
001 ) 

Description 

The DSP-SYS70 1-001 is the basic system for acquiring and 
working with single input analog signals at the 16-bit 500kHz 
sampling rate of the ADC701. For applications where it is 
necessary to evaluate the incorporation of an ADC701 into 
a current design or design under development, the -001 
system allows the user to analyze the effects of the high 
performance of the ADC701. Furthermore, this analysis can 
be accomplished with little more effort than making the 
appropriate connections and establishing the proper system 
setup. 

In addition to design support, the DSP-SYS701 may be used 
as the test software to characterize the performance of the 
user’s system. A third application for the workstation is to 
take advantage of the development software in order to 
design DSP circuits that will enhance the performance of the 
user’s system. DSP-SYS701 software will allow the user to 
not only develop the DSP algorithms, but will port the 
executable code to any DSP32 or 32C processors for contin- 
ued use in the user’s system. 


DSP DEVELOPMENT SOFTWARE (ZPM32) 


HIGH PERFORMANCE 
WORKSTATION CONFIGURATIONS 


14-33 


Burr-Brown IC Data Book Supplement , Vol. 33b 


DSP-SYS701 pi DSP AND OTHER BURR-BROWN PRODUCTS 


For Immediate Assistance, Contact Your Local Salesperson 



FIGURE 1. Single Channel Analog Input System. 


Single Channel Analog Input System 
With Digital Input Buffer (DSP-SYS701-002) 

Description 

In certain applications that entail complicated post-process- 
ing, there may be a need for the capture of larger buffers. 
Simply stated, larger amounts of data can be captured in 
real-time, and stored, for post collection analysis. This con- 
figuration is designed for pre-trigger data analysis, such as 
that required in material testing, fatigue analysis, and scien- 
tific research. 



FIGURE 2. Single Channel Analog Input System with 
Digital Input Buffer. 


Dual Channel Analog Input System 
(DSP-SYS701 -003) 

Description 

The -003 system configuration is designed for applications 
where simultaneous sampling is required. Included in this 
system are two analog input boxes along with two digital 
input buffer boards. As a dual input system configuration, 
independent high resolution samples can be taken simulta- 
neously, then passed to the respective buffer board, where 
the two inputs are concatenated to form one 32-bit word for 
transfer to the DSP board for analysis and processing. 

Digital Input Buffer 

Sample Rate: 10MHz max (externally 

adjustable) 



FIGURE 3. Dual Channel Analog Input System. 


Data Format Out: Differential line drivers, WE 

AT&T DSP32 serial format 

Base I/O Address: 4 locations 0x0 - 0X3FF 

DSP Processor Board 

Memory: 64KB 0 Wait State 

512K 1 Wait State 

Clock Rate: 49.152MHz 

Addressing: I/O Mapped 16 Ports 

Interrupts: Selectable IRQ3-7,9-12,14,15 

Serial I/O: Buffered Differential Line 

Drivers and Receivers 
Terminated in 100Q 
Serial I/O- Internal: 6.1MBits/s 


DSP Development Software 
Over 100 functions in the following categories: 
Arithmetic suBgram 

Data Non-linear 

Filter 0_scope 

Generator Spectrum 

Input_Output Trigonometric 

fiLe Window 

Measure 


Execution times for several common functions: 


1024 Point Complex FFT 3.8ns 

128 Tap FIR Filter 80ns X 128taps 

Second Order IIR Section 80ns X 5 


Dynamic Signal Analysis Software 
Software performs instrumentation functions for: 
Digitizing Scope 
Spectrum Analyzer 
Histogram Analyzer 
Configuration 
Hardware Requirements: 

IBM AT Compatible 
640K memory 
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SPECIFICATIONS 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

DYNAMIC CHARACTERISTICS 

Sample Rate 

Unadjusted 

DC 


500 

kHz 

Dynamic Nonlinearity 



±0.002 


%FSR 

Total Harmonic Distortion (THD) 

f w • 20kHz(-0.3dB) 


0.00068 


% 


f IN = 199kHz(-0.2dB) 


0.0078 


% 

Spurious-Free Dynamic Range 

f w = 20kHz(-0.3dB) 


107.1 


dB 


f 1N = 199kHz(-12dB) 


93.8 


dB 

Two-Tone Intermodulation Distortion 

f,= 195kHz(-6.5dB) 
f 2 = 200kHz(-6.5dB) 


-81.4 


dBc 


f, = 195kHz(-12.5dB) 
f 2 » 200kHz(-12.5dB) 


-86.2 


dBc 

Signal-to-Noise-Ratio (SNR) 

f w = 5kHz (-0.5dB) 


93 


dB 

INPUTS 

Analog 

Input Range 

Jumper Selectable 

0 


10 

H 



-10 


10 




-5 


5 

■ 



-10 


0 

wm ^ ■ 



0 


5 

Kw 


Input Impedance 



600 

a 

Digital 

Logic Family 

TTL 





Convert Command 

Pulse Width 

Positive Edge 

50 


t — 50 

ns 


Math Co-processor 

Mass Storage — Hard disk and one floppy drive 
Monitor — EGA or VGA 

Printer (Optional) — IBM graphics printer, HP Laser jet 
printer or compatibles 

Software Requirement 
PC/MS-DOS Version 3.0 or higher. 

Optional (Configured Hardware System), Includes High 
Performance 386 PC 

Burr-Brown will provide, as an option, an entire test/evalu- 
ation system including the required configuration hardware 
and software. With the purchase of this option, the system is 
configured and tested prior to shipment. Thus, the customer 
will receive a complete turnkey test/evaluation system for 
the ADC701. 

The configuration hardware will be a high performance, 386 
computer (without printer). For details of the exact computer 
specifications to be used at the time of shipment, contact 
your sales representative. 

SUPPLIED ACCESSORIES 

Power Supply for the Analog Input Box 
Power connectors 


Connection Cables 
DSP Development Software Manual 
Dynamic Signal Analysis Software Manual 
DSP-SYS701 User’s Manual 

ORDERING INFORMATION 


1 To order, please specify: 1 

DSP-SYS701-001 

...Single Channel Analog Input 
System 

DSP-SYS70 1-002 

...Single Channel Analog Input 
System with Digital Input 

Buffer 

DSP-SYS70 1-003 

...Dual Channel Analog Input 
System with Digital Input 
Buffers 

DSP-SYS701-XXXA.. 

...Analog Input System 

Including Configured 

Hardware System 


FOR MORE INFORMATION 

For more information contact Applications Engineering at 
1-800-548-6132. 


FlowGram™ Burr-Brown Corp. 
DSPIay XL™ Burr-Brown Corp. 
DSPced™ Burr-Brown Corp. 
WE* DSP32C AT&T Corp. 

IBM* PC IBM Corp. 
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BURR-BROWN USA SALES OFFICES & SALES REPRESENTATIVES 


BURR-BROWN WORLDWIDE 

FLORIDA (Ceatnl) 

LOUISIANA (Nartfeen) 

Burr-Brown Corporation 

NEVADA (Nartfeen) 

OHIO (Saatfeen) 

TEXAS (El Pate) 

HEADQUARTERS 

VG Sales Co.. Inc. 

Burr-Brown Corporation 

Burr-Brown Corporation 

Thorson Desert States Inc. 

International Airport Ind Park 

Suite 106 

Suite 502. LB-4 

Suite 6 

Suites 313 & 315 

Suite 112 

Mailing Address: 

608 E. Altamonte Dr. 

11910 Greenville Ave. 

1975 Hamilton Ave. 

10945 Reed Hartman Hwy. 

9301 Indian School N.E. 

PO Box 11400 

Altamonte Springs. FL 32701 

Tel: (407) 831-8688 

Dallas. TX 75243 

San Jose, CA 95125 

Cincinnati, OH 45242 

Albuquerque. NM 87112 

Tel: (505) 293-8555 

Tucson. AZ 85734 

Tel: (214) 783-4555 

Tel: (408)559-8600 

FAX: (408) 559-0354 

Tel: (513)891-4711 

FAX: (513) 891-4713 

Street Address: 

FAX: (407)830-0627 

FAX: (214) 783-2717 

TWX: 910-989-1174 

6730 S. Tucson Blvd. 

Tucson, AZ 85706 

FLORIDA (Nartfeen) 

LOUISIANA (Saatben) 

Burr-Brown Corporation 

NEVADA (Saatfeen) 

OHIO (Nartfeen) 

EZLINK 62933749 

FAX: (505) 296-5802 

Tel: (800) 548-6132 

VG Sales Co.. Inc. 

Burr-Brown Corporation 

KT-/DEPCO Marketing Inc. 

FAX: (602) 741-3895 

Suite M 

Suite 572 

Suite 274 

11 Alpha Park 

UTAH 

Twx: 910-952-1111 

12360 66th St. N. 

9888 Bissonnet 

28720 Roadside Dr. 

Cleveland. OH 44143 

Aspen Sales Inc. 

Cable: BBRCORP 

Largo. FL 33543 

Houston. TX 77036 

Agoura, CA 91301 

Tel: (216)442-6200 

Suite 11 

Telex: 066-6491 

Tel: (813)536-7787 

FAX: (813) 530-9126 

Tel: (713) 988-6546 or 
(512)473-2311 (Austin) 

FAX: (713) 988-6548 

Tel: (818) 991-8544 or 

FAX: (216) 461-2101 

181 7 South Main St. 

ALABAMA 

(805 496-7581 

FAX: (818) 991-7872 

OKLAHOMA 

Salt lake City, UT 84115-2036 
Tel: (801) 467-2401 

Rep Inc. 

PO Box 4889 

FLORIDA (Saatfeen) 

VG Sales Co., Inc. 

MAINE 

NEW HAMPSHIRE 

Burr-Brown Corporation 

Suite 502. LB-4 

TWX: EZLINK 62927519 

FAX: (801) 467-2360 

11535 GillelandRd. 

Suite 205 

Burr-Brown Corporation 

Burr-Brown Corporation 

11910 Greenville Ave. 

Huntsville. AL 35815-0889 

1001 W. Cypress Creek Rd. 

Suite 3C 

Suite 3C 

Dallas. TX 75243 

VERMONT 

Tel: (205) 881-9270 

Ft. Lauderdale. FL 33309 

83 Cambridge St. 

Burlington, MA 01803 

83 Cambridge St. 

Burlington, MA 01803 

Tel: (214) 783-4555 

Burr-Brown Corporation 

FAX: (205)882-6692 

Tel: (305) 938-4333 

FAX: (214) 783-2717 

Suite 3C 

ALASKA 

FAX: (305)938-4331 

Tel: (617) 273-9022 

FAX: (617) 270-6899 

Tel: (617)273-9022 

FAX: (617)270-6899 

OREGON 

83 Cambridge St. 

Burlington, MA 01803 

Burr-Brown Corporation 

523 S. Washington Ave. 

GEORGIA 

Rep Inc. 

MARYLAND 

NEW JERSEY 

Burr-Brown Corporation 

523 S. Washington Ave. 

Kent. WA 98032 

Tel: (617) 273-9022 

FAX: (617)270-6899 

Kent, WA 98032 

1944 Northlake Parkway #1 

Marktron Inc. 

Burr-Brown Corporation 

Tel: (206)859-9220 

Tucker. GA 30084 

Suites 302 & 304 

Suite 402 

Tel: (206) 859-9220 

FAX: (206)859-9276 

V1R6IMA 

FAX: (206) 859-9276 

Tel: (404) 938-4358 

1688 East Gude Dr. 

984 North Broadway 

Marktron Inc. 

ARIZONA 

FAX: (404)938-0194 

Rockville. MD 20850 

Tel: (301) 251-8990 

Yonkers. NY 10701 

Tel: (91 4) 964-5252 

PENNSYLVAMA (Weston) 

Suites 302 & 304 

1688 East Gude Dr. 

Burr-Brown Corporation 

HAWAII 

TWX: 710-828-0089 

FAX: (914) 964-0655 

K-T/DEPCO Marketing Inc. 

Rockville. MD 20850 

Suite 108A 

2121 S. Mill Ave. 

Burr-Brown Corporation 

Suite 274 

Marktron Inc. 

NEW MEXICO 

1520 Northway Mall 

Pittsburgh. PA 15237 

Tel: (412) 367-1011 

Tel: (301)251-8990 

TWX: 710-828-0089 

Tempe. AZ 85282 

28720 Roadside Dr. 

Suite 206 

Thorson Desert States Inc. 


Tel: (602) 966-4601 

Agoura. CA 91301 

54 Scott Adam Rd. 

Suite 112 

Marktron Inc. 

FAX: (602) 966-5065 

Tel: (818) 991-8544 or 

Hunt Valley, MD 21030 

9301 Indian School N.E. 

PENNSYLVANIA (Easton) 

Suile 206 

(805)496-7581 

Tel: (301)628-1111 

TWX: 710-232-1850 

Albuquerque, NM 87112 

QED Electronics Inc. 

54 Scott Adam Rd. 

ARKANSAS 

FAX: (818) 991-7872 

Tel: (505) 293-8555 

PO Box 487 

Hunt Valley. MD 21030 

Burr-Brown Corporation 

FAX: (301) 628-9351 

TWX: 910-989-1174 or 

805 North Bethlehem Pike 

Tel: (301) 628-1111 

Suite 502. LB-4 

IDAHO 

EZLINK: 62933749 

Spring House. PA 19477 

Tel: (215)643-9200 

TWX: 710-232-1850 

11910 Greenville Ave. 

Burr-Brown Corporation 

MASSACHUSETTS 

FAX: (505) 296-5802 

FAX: (301)628-9351 

Dallas, TX 75243 

Tel: (214) 783-4555 

523 S. Washington Ave. 

Kent. WA 98032 

Burr-Brown Corporation 

Suite 3C 

NEW YORK (Metre Area) 

TWX: EZLINK 62931798 

FAX: (215) 643-9213 

WASHINGTON 

FAX: (214) 783-2717 

Tel: (206)859-9220 

83 Cambridge St. 

Burlington. MA 01803 

Burr-Brown Corporation 

Burr-Brown Corporation 


FAX: (206) 859-9276 

Suite 402 

RHODE ISLAND 

523 S. Washington Ave. 

Kent. WA 98032 

CAUFORMA (Nartfeen) 


Tel: (617)273-9022 

984 North Broadway 

Burr-Brown Corporation 

Burr-Brown Corporation 

ILUNOIS 

FAX: (617)270-6899 

Yonkers, NY 10701 

Suite 3C 

Tel: (206) 859-9220 

Suite 6 

Burr-Brown Corporation 

Tel: (914) 964-5252 

83 Cambridge St. 

Burlington, MA 01803 

FAX: (206) 859-9276 

1975 Hamilton Ave. 

Suite 310 

MICHIGAN 

FAX: (914) 964-0655 

San Jose, CA 95125 

85 W. Algonquin Rd. 

Burr-Brown Corporation 

Tel: (617)273-9022 

WASHINGTON, D.C. 

Tel: (408)559-8600 

Arlington Hts., IL 60005 

Suite 320 

NEW YORK 

FAX: (617)270-6899 

Marktron Inc. 

FAX: (408) 559-0354 

Tel: (708) 437-2877 

38345 W. Ten Mile Rd. 

Advanced Components 


Suites 302 & 304 


FAX: (708)437-2996 

Farmington, Ml 48024 

Corporation 

PO Box 276 

SOUTH CAROUNA 

1688 East Gude Dr. 

CAUFORMA (Saatfeen) 

Tel: (313)474-6533 

Murcota Corporation 

Rockville, MD 20850 

Burr-Brown Corporation 

INDIANA (Nartfeen) 

FAX: (313) 474-7379 

Syracuse. NY 13212-0276 

1106 Burke St. 

Tel: (301) 251-8990 

TWX: 710-828-0089 

Suite 274 

Burr-Brown Corporation 

Tel: (315) 699-2671 

Winston-Salem, NC 27101 

28720 Roadside Dr. 

Suite 310 

MINNESOTA 

FAX: (315)699-4611 

Tel: (919) 722-9445 


Agoura, CA 91301 

85 W. Algonquin Rd. 

Electronic Sales Agency Inc. 

TWX: 510-931-3101 

Marktron Inc. 

Tel: (818) 991-8544 or 

Arlington Hts.. IL 60005 

Tel: (312) 437-2877 

8120 Penn Ave. 

Advanced Components 

FAX: (919) 722-9447 

Suite 206 

(805) 496-7581 

Bloomington, MN 55431 

Corporation 

54 Scott Adam Rd. 

FAX: (818) 991-7872 

FAX: (312) 437-2996 

Tel: (612) 884-8291 

PO Box 645 

SOUTH DAKOTA 

Hunt Valley. MO 21030 

Burr-Brown Corporation 

INDIANA (Saatfeen) 

FAX: (612)884-8294 

948 Sarah Lane 

Endicott, NY 13760 

Electronic Sales Agency Inc. 

8120 Penn Ave. 

Tel: (301)628-1111 

TWX: 710-232-1850 

Suite 104 

Burr-Brown Corporation 

MISSISSIPPI 

Tel: (607) 785-3191 

Bloomington. MN 55431 

FAX: (301) 628-9351 

2001 E. Fourth St. 

Santa Ana. CA 92705 

Suites 313 & 315 

10945 Reed Hartman Hwy. 

Rep Inc. 

1944 Northlake Parkway #1 

Advanced Components 

Tel: (612)884-8291 

FAX: (612) 884-8294 

WEST VIRGIMA 

Tel: (714) 835-0712 or 

Cincinnati. OH 45242 

Tucker, GA 30084 

Corporation 

Burr-Brown Corporation 

(213)873-6540 

Tel: (513) 891-4711 

FAX: (513)891-4713 

Tel: (404) 938-4358 

TWX: 810-766-0822 

PO Box 142 

TENNESSEE 

Suites 313 & 315 

FAX: (714)541-5621 

775 Wheatland Rd. 

Rep Inc. 

10945 Reed Hartman Hwy. 

COLORADO 

IOWA 

FAX: (404) 938-0194 

Scottsville, NY 14546 

Tel: (716) 889-1429 

PO Box 728 

113 South Branner St. 

Cincinnati. OH 45242 

Tel: (513)891-4711 

Burr-Brown Corporation 

Rep Associates Corporation 

MISSOURI 

Jefferson City. TN 37760 

FAX: (513)891-4713 

Suite 108 

4905 Lakeside Dr. NE 

B.C. Electronic Sales. Inc. 

Advanced Components 

Tel: (615) 475-4105 

9025 Grant St. 

Cedar Rapids. 1A 52402 

500 Airport Rd. 

Corporation 

PO Box 17182 

FAX: (615) 475-6340 

WISCONSIN (Easton) 

Denver, CO 80229 

Tel: (319)373-0152 

St. Louis, MO 63135 

Burr-Brown Corporation 

Tel: (303) 452-3545 

FAX: (319) 373-0217 

Tel: (314) 521-6683 

Rochester. NY 14617-0182 

TEXAS (Nartfeen) 

Suite 310 

FAX: (303)452-3652 

TWX: 910-762-0600 

Tel: (716)544-7017 

Burr-Brown Corporation 

85 W. Algonquin Rd. 

CONNECTICUT 

KANSAS 

B.C. Electronic Sales. Inc. 

MONTANA 

NORTH CAROUNA 

Suite 502. LB-4 

11910 Greenville Ave. 

Arlington Hts., IL 60005 

Tel: (708) 437-2877 

Burr-Brown Corporation 

11 40 Adams 

Aspen Sales Inc. 

Murcota Corporation 

Dallas, TX 75243 

FAX: (708)437-2996 

Suite 402 

Kansas City. KS 66103 

Suite 11 

1106 Burke St. 

Tel: (214) 783-4555 

984 North Broadway 

Tel: (913) 342-1211 

1817 South Main St. 

Winston-Salem. NC 27101 

FAX: (214) 783-2717 

WISCONSIN (Weston) 

Yonkers. NY 10701 

TWX: 910-749-6414 

Sait Lake City. UT 84115-2036 
Tel: (801) 467-2401 

Tel: (919) 722-9445 

TWX: 510-931-3101 

Electronic Sales Agency Inc. 

Tel: (914) 964-5252 


TEXAS (Saatfeen) 

8120 Penn Ave. 

FAX: (914) 964-0655 

KENTUCKY 

TWX.' EZLINK 62927519 

FAX: (919) 722-9447 

Burr-Brown Corporation 

Bloomington. MN 55431 

DELAWARE 

Burr-Brown Corporation 

Suites 313 & 315 

FAX: (801) 467-2360 

NORTH DAKOTA 

Suite 572 

9888 Bissonnet 

Tel: (612) 884-8291 

FAX: (612) 884-8294 

QED Electronics Inc. 

10945 Reed Hartman Hwy. 

NEBRASKA 

Electronic Sales Agency Inc. 

Houston, TX 77036 

PO Box 487 

Cincinnati, OH 45242 

B.C. Electronic Sales, Inc. 

8120 Penn Ave. 

Tel: (713) 988-6546 or 

WYOMING 

805 North Bethlehem Pike 

Tel: (513) 891-4711 

11 40 Adams 

Bloomington, MN 55431 

(512) 473-2311 (Austin) 

Aspen Sales Inc. 

Spring House. PA 19477 

FAX: (513)891-4713 

Kansas City. KS 66103 

Tel: (612)884-8291 

FAX: (713) 988-6548 

Suite 11 

Tel: (215)643-9200 

TWX: EZLINK 62931 798 

FAX: (215) 643-9213 


Tel: (913) 342-1211 

TWX' 910-749-6414 

FAX: (612) 884-8294 

181 7 South Main St. 

Salt Lake City, UT 84115-2036 
Tel: (801) 467-2401 


TWX; EZLINK 62927519 
FAX: (801) 467-2360 


For Immediate Assistance, Contact Your Local Salesperson 




USA PRICE LIST 


ABOUT THIS SECTION 

Prices listed here are effective until March 31, 1989 and unless otherwise 
noted apply only to domestic U.S.A. customers. All other customers should 
contact their local Burr-Brown salesperson or representative. 

For U.S.A. customers all prices are FOB Tucson, Arizona. Applicable 
federal, state, and local taxes are extra. Terms are net 30 days. Prices and 
specifications are subject to change without notice. 

Some of the models in this price list are not included in this book but are still 
available. For more information about them, contact your local Burr-Brown 
salesperson or representative. 

QUOTATIONS 

Price quotations made by Burr-Brown or its authorized field sales represen- 
tatives are valid for 30 days. Delivery quotations are subject to reconfirma- 
tion at the time of order placement. 

SALES & SERVICE 

Burr-Brown also offers free technical assistance and literature, convenient 
methods for placing an order, and warranty service. Complete information 
can be found on page xi of this book. 
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For Immediate Assistance, Contact Your Local Salesperson 


MODEL 

1-24 

25-99 

100 

MODEL 

1-24 

25-99 

100 

0100MS 

17.15 

14.30 

11.35 

3573AM 

42.70 

29.75 

26.80 

0546 

137.00 

130.00 

124.00 

3580J 

69.65 

51 .40 

43.10 





JQ 

103.80 

79.55 

66.85 

0700 

63.00 

61.00 

59.00 





M 

68.00 

66.00 

64.00 

3581 J 

105.00 

75.55 

64.10 

U 

58.00 

56.00 

54.00 





UM 

79.00 

77.00 

75.00 

3582J 

114.05 

82.70 

74.60 





JQ 

157.30 

136.15 

117.85 

0722 

60.65 

45.80 

39.55 





BG 

77.40 

59.70 

51.40 

3583AM 

112.35 

91.95 

73.55 

MG 

69.70 

52.85 

44.45 

AMQ 

163.25 

135.05 

116.70 





JM 

103.70 

86.55 

68.30 

0724 

84.55 

63.85 

55.65 









3584JM 

106.00 

78.40 

68.80 

0729MC 

102.00 

102.00 

102.00 

JMQ 

150.45 

124.70 

111.05 

2H946 

3305.00 

2809.00 

2528.00 

3606AG 

133.40 

114.20 

99.70 

-1 

2114.00 

2000.00 

1760.00 

BG 

174.05 

152.05 

130.45 

3507J 

14.50 

11.40 

9.35 

3627AM 

15.90 

11.85 

10.50 

JQ 

22.45 

17.40 

14.95 

AMQ 

32.95 

20.70 

16.65 





BM 

21.25 

15.15 

12.90 

3527AM 

20.25 

15.00 

12.35 

BMQ 

42.85 

25.40 

20.70 

BM 

26.10 

19.05 

16.45 





BMQ 

34.60 

27.50 

23.30 

3650HG 

71.45 

51.45 

37.95 

CM 

41.35 

31.55 

26.20 

JG 

92.90 

66.30 

52.55 





KG 

112.95 

90.60 

73.10 

3528AM 

25.25 

18.70 

14.60 

MG 

64.00 

44.00 

36.00 

BM 

30.95 

22.85 

19.75 





BMQ 

42.70 

32.40 

28.60 

3652HG 

92.90 

68.95 

52.55 

CM 

37.70 

28.50 

24.65 

JG 

112.95 

83.75 

71.95 





MG 

72.70 

56.80 

48.15 

3550J 

39.65 

30.05 

24.35 





K 

50.50 

37.55 

28.95 

3656AG 

109.70 

82.95 

65.10 

S 

73.40 

56.30 

40.55 

BG 

135.65 

102.60 

87.55 

SQ 

102.85 

82.00 

62.45 

HG 

96.90 

73.30 

57.40 





JG 

103.30 

78.10 

61.30 

3551 J 

40.40 

30.35 

24.35 

KG 

127.00 

96.10 

75.30 

S 

71.35 

55.60 

40.55 





SQ 

92.30 

76.30 

60.00 

4127JG 

65.10 

47.80 

39.80 





KG 

74.95 

60.00 

50.80 

3553AM 

45.75 

34.75 

25.50 





AMQ 

75.15 

63.60 

53.85 

4204J 

88.85 

74.10 

60.10 





K 

115.90 

98.30 

76.00 

3554AM 

85.85 

70.70 

58.15 

S 

131.90 

116.10 

96.60 

AMQ 

115.85 

97.25 

81.40 

SQ 

181.60 

168.60 

147.40 

BM 

98.05 

82.15 

66.30 





BMQ 

132.00 

112.95 

92.95 

4206J 

63.30 

49.35 

35.65 

SM 

115.55 

95.70 

79.55 

K 

89.85 

70.00 

49.80 

SMQ 

161.70 

136.60 

115.85 









4213AM 

35.35 

27.15 

21.25 

3571AM 

85.20 

61.25 

49.00 

BM 

51.10 

38.70 

31.80 





SM 

66.15 

54.30 

42.45 

3572AM 

97.60 

72.60 

58.10 

UM 

32.55 

27.30 

24.15 





UM/883B 

45.15 

38.85 

30.45 


NOTES: All prices in U.S. dollars ($) FOB T ucson, Arizona. Quantity discounts available. For more information, please contact your 
local Burr-Brown salesperson or representative. Prices effective until March 31 , 1991 . All prices subject to change without notice. 
Minimum order is $75. 
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Or, Call Customer Service at 1-800-548-6132 (USA Only) 


MODEL 

1-24 

25-99 

100 

MODEL 

1-24 

25-99 

100 

421 3VM 

47.25 

40.95 

32.55 

ADC574KD 



20.20 

VM/883B 

63.50 

39.90 

36.75 





WM 

63.00 

63.00 

51.45 

ADC600B 

2560.00 

2423.00 

2132.00 

WM/883B 

78.75 

65.10 

50.40 

K 

1975.00 

1728.00 

1524.00 

421 4AP 

32.05 

25.55 

19.25 

ADC601JG 

124.00 

98.00 

86.00 

BP 

47.60 

37.50 

30.95 

KG 

159.00 

127.00 

111.00 

4302 

68.65 

49.05 

37.20 

ADC603JH 

710.00 

645.00 

590.00 





KH 

1099.00 

1014.00 

941.00 

4340 

127.00 

91.45 

77.85 

RH 








SH 




4341 

38.10 

29.70 

20.75 

SH/MIL 



4423 

31.60 

24.10 

19.30 

ADC604JH 

1349.00 

1226.00 

1121.00 





KH 

2088.00 

1865.00 

1788.00 

5962-8856301 3X 167.15 

126.25 

106.05 





-8856301 JX 119.70 

89.90 

75.75 

ADC674AJH 

44.80 

35.00 

28.20 





AJH-BI 56.00 

43.70 

35.30 

AD515JH 

27.55 

19.75 

12.75 

AJP 

37.20 

29.00 

23.40 

KH 

39.75 

30.15 

19.90 

! AJP-BI 42.80 

36.20 

29.30 

LH 

50.35 

36.15 

23.95 

AKH 

58.40 

45.60 

36.80 





AKH-BI 73.00 

57.00 

46.00 

AD532SD/883B 

84.75 

70.65 

58.85 

AKP 

48.80 

38.10 

30.80 

H/883B 

68.40 

57.00 

47.50 

AKP-BI 56.10 

47.60 

38.40 





ASH 

121.60 

100.90 

87.60 

AD534S D/883 B 

105.40 

87.85 

73.20 

ASH-BI 152.00 

126.20 

109.40 

SH/883B 93.85 

78.20 

65.15 

ATH 

166.40 

138.10 

119.80 

TD/883B1 33.45 

111.20 

92.65 

| ATH-BI 208.00 

172.60 

149.80 

TH/883B1 17.75 

98.10 

81.75 

KD 



25.25 

AD632AD 

28.35 

25.30 

16.50 

ADC700AH 

148.00 

135.40 

103.90 

AH 

19.95 

17.80 

11.65 

BH 

178.00 

162.80 

124.90 

BD 

50.35 

37.00 

22.75 

JH 

106.00 

95.00 

74.00 

BH 

38.05 

28.05 

18.85 

KH 

127.00 

114.00 

89.00 

SD 

63.05 

44.20 

30.10 

RH 

212.00 

193.90 

148.80 

SD/883B 

61.20 

51.00 

42.50 

SH 

255.00 

233.30 

179.00 

SH 

47.15 

37.45 

25.50 





SH/883B 

54.60 

45.50 

37.90 

ADC701JH 

675.00 

622.00 

563.00 

TD 

70.65 

49.50 

34.95 

KH 

783.00 

722.00 

653.00 

TD/883B 

67.25 

56.06 

46.70 





TH 

52.95 

42.05 

29.60 

ADC71AG 

207.05 

182.93 

147.33 

TH/883 B 

57.25 

47.70 

39.75 

BG 

235.10 

207.05 

168.65 





JG 

84.00 

71.40 

53.40 

ADC574AJH 

35.20 

27.40 

22.20 

KG 

106.10 

90.80 

67.70 

AJH-BI 

44.00 

34.30 

27.70 





AJP 

29.00 

22.60 

18.30 

ADC76AG 

206.30 

188.10 

142.50 

AJP-BI 

33.40 

28.30 

22.80 

BG 

237.90 

213.90 

173.00 

AKH 

46.10 

36.00 

29.00 

JG 

137.50 

125.40 

95.00 

AKH-BI 

57.60 

45.00 

36.30 

KG 

158.60 

142.60 

115.30 

AKP 

38.00 

29.60 

24.00 





AKP-BI 

43.70 

37.00 

29.90 

ADC774JH 

69.00 

54.50 

48.30 

ASH 

94.40 

78.40 

68.00 

JH-BI 

79.40 

62.70 

55.50 

ASH-BI 

118.00 

98.00 

85.00 

JP 

55.20 

43.60 

38.60 

ATH 

130.30 

108.10 

93.80 

JP-BI 

61.90 

50.20 

44.40 

TH-BI 

162.80 

135.20 

117.20 

KH 

89.00 

70.30 

62.30 


NOTES: All prices in U.S. dollars ($) FOB Tucson, Arizona. Quantity discounts available. For more information, please contact your 
local Burr-Brown salesperson or representative. Prices effective until March 31 ,1991. All prices subject to change without notice. 
Minimum order is $75. 
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USA PRICE LIST 


For Immediote Assistance, Contact Your Local Salesperson 


MODEL 

1-24 

25-99 

100 

MODEL 

1-24 

25-99 

100 

ADC774KH-BI 

102.30 

80.80 

71.60 

ADS7800JP 

38.30 

29.95 

23.95 

KP 

71.20 

56.20 

49.80 

JU 

42.15 

32.95 

26.35 

KP-BI 

79.80 

64.60 

57.30 

KP 

53.70 

41.95 

33.55 

SH 

195.00 

154.00 

136.50 

KU 

57.55 

44.95 

35.95 

SH-BI 

224.20 

177.10 

157.00 





TH 

265.00 

209.35 

185.50 

ADS807JH 

79.00 

64.00 

56.00 

TH-BI 

304.80 

240.80 

213.30 

JH-BI 

90.85 

73.60 

64.40 





KH 

102.00 

81.00 

72.00 

ADC7802BN 

36.70 

28.70 

22.95 

KH-BI 

117.30 

93.15 

82.80 

BP 

31.90 

24.95 

19.95 

RH 

225.00 

179.00 

157.00 





RH-BI 

258.75 

205.85 

180.55 

ADC803BM 

255.78 

219.40 

203.00 

SH 

305.00 

241.00 

213.00 

BMQ 

355.00 

319.00 

303.00 

SH-BI 

350.75 

277.15 

244.95 

CM 

297.00 

249.00 

235.00 





CMQ 

397.00 

349.00 

320.00 

ADS808JH 

79.00 

64.00 

56.00 

SM 

389.00 

327.00 

290.00 

JH-BI 

90.85 

73.60 

64.40 

SMQ 

512.00 

406.00 

370.00 

KH 

102.00 

81.00 

72.00 





KH-BI 

117.30 

93.15 

82.80 

ADC804BH 

67.47 

48.20 

41.77 

RH 

225.00 

179.00 

157.00 

BH-BI 

76.10 

54.30 

47.10 

RH-BI 

258.75 

205.85 

180.55 

BHQ 

104.96 

73.90 

58.91 

SH 

305.00 

241.00 

213.00 

SH 

127.45 

88.89 

70.69 

SH-BI 

350.75 

277.15 

244.95 

SH-BI 

143.70 

100.20 

79.70 





SHQ 

159.58 

111.38 

88.89 

BCS200-CTM 

395.00 

365.00 

355.00 

ADC80AG-10 

86.70 

76.50 

48.96 

BCS220-CTM 

425.00 

395.00 

385.00 

AG-12 

91.80 

80.58 

50.49 





AG-12-BI 99.00 

86.90 

54.45 

BCS221-CTM 

425.00 

395.00 

385.00 

AGZ-12 

91.80 

80.58 

50.49 





H-AH-12 

96.90 

80.58 

50.49 

BCW21 0-CTM 

225.00 

200.00 

195.00 

H-AH-12Q1 25.97 

105.57 

66.15 





KD 



29.50 

BCW220-CTM 

225.00 

200.00 

195.00 

MAH-12 

51.50 

41.60 

34.70 





MAH-12-BI59.20 

47.80 

39.90 

BCW221-CTM 

225.00 

200.00 

195.00 

ADC82AG 

80.33 

55.69 

47.12 

BCW222-CTM 

225.00 

200.00 

195.00 

ADC84KG-1 0 

88.23 

78.54 

63.19 

BOOK-1 

63.05 

61.90 

60.70 

KG-12 

93.33 

81.60 

66.40 

-2 

51.95 

50.95 

50.00 

KG-12-B1 105.20 

92.00 

74.90 

-3 

45.60 

44.70 

43.85 





-4 

50.35 

49.40 

48.45 

ADC85H-12 

98.94 

85.17 

75.48 





H-12-BI 

111.50 

96.00 

85.10 

CMP100AP 

29.00 

26.10 

23.20 





AU 

30.45 

27.40 

24.35 

ADC87 

123.75 

106.10 

97.75 





/883B 

137.20 

119.50 

111.20 

CTM150B-X 

195.00 

165.00 

135.00 

H-12 

104.55 

90.78 

84.66 

G-X 

195.00 

165.00 

135.00 

V 

123.75 

106.10 

97.75 





V/883B 

135.20 

117.50 

109.20 

CTM170B-X 

210.00 

180.00 

150.00 





G-X 

210.00 

180.00 

150.00 

ADS602JG 

237.00 

188.00 

165.00 





KG 

294.00 

234.00 

205.00 

CTM200B-XY 

235.00 

195.00 

165.00 





G-XY 

235.00 

195.00 

165.00 

ADS7800AH 

49.85 

38.90 

31.15 





BH 

68.95 

53.90 

43.10 

CTM220B-XY 

235.00 

195.00 

165.00 

JD 



22.75 

G-XY 

235.00 

195.00 

165.00 


NOTES: All prices in U.S. dollars ($) FOB Tucson, Arizona. Quantity discounts available. For more information, please contact your 
local Burr-Brown salesperson or representative. Prices effective until March 31 , 1991 . All prices subject to change without notice. 
Minimum order is $75. 
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Or, Call Customer Service at 1-800-548-6132 (USA Only) 


MODEL 

1-24 

25-99 

100 

MODEL 

1-24 

25-99 

100 

CTM250B-XY 

295.00 

245.00 

195.00 

1 DAC702SH-BI 

108.70 

82.80 

67.90 

G-XY 

295.00 

245.00 

195.00 

SH/883B1 26.00 

95.15 

78.90 

CTM270B-XY 

295.00 

245.00 

195.00 

DAC703AD 



18.37 

G-XY 

295.00 

245.00 

195.00 

BH 

66.56 

52.28 

43.86 





BH-BI 

71.80 

56.40 

47.30 

DAC1201KP-V 

11.42 

11.42 

7.09 

BH/QM 

80.99 

61.15 

52.02 





CH 

100.78 

85.68 

72.32 

DAC1600JP-V 

15.40 

14.64 

9.13 

CH-BI 

108.70 

92.40 

78.00 

KP-V 

17.85 

17.03 

10.61 

JP 

25.91 

21.93 

19.07 





JP-BI 

27.90 

23.70 

20.60 

DAC63BG 

117.30 

95.88 

88.74 

JU 

29.00 

25.00 

21.50 

BM 

117.30 

95.88 

88.74 

KH 

52.53 

40.09 

32.90 

CG 

140.30 

111.38 

103.89 

KH-BI 

56.70 

43.20 

35.50 

CM 

163.86 

133.88 

119.95 

KP 

29.07 

24.63 

21.22 





KP-BI 

31.40 

26.60 

22.90 

DAC700BH 

66.56 

52.28 

43.86 

KU 

33.00 

28.00 

24.00 

BH-BI 

71.80 

56.40 

47.30 

LH 

81.60 

69.67 

58.96 

BH/QM 

80.99 

61.15 

52.02 

LH-BI 

88.00 

75.10 

63.60 

CH 

100.78 

85.68 

72.32 

MD-B 



33.95 

CH-BI 

108.70 

92.40 

78.00 

SD 



28.85 

KH 

52.53 

40.09 

32.90 

SH 

100.83 

76.76 

62.93 

KH-BI 

56.70 

43.20 

35.50 

SH-BI 

108.70 

82.80 

67.90 

LH 

81.60 

69.67 

58.96 

VG 

103.00 

77.75 

65.15 

LH-BI 

88.00 

75.10 

63.60 

| VG/883B1 19.70 

89.90 

75.75 

SH 

100.83 

76.76 

62.93 

VL 

144.95 

109.10 

90.90 

SH-BI 

108.70 

82.80 

67.90 

VL/883B167.15 

126.25 

106.05 

SH/883B1 26.00 

95.15 

78.90 









DAC707BH 

72.50 

68.50 

56.30 

DAC701BH 

66.56 

52.28 

43.86 

BH-BI 

79.70 

75.30 

61.90 

BH-BI 

71.80 

56.40 

47.30 

BH/QM 

85.70 

80.60 

63.30 

BH/QM 

80.99 

61.15 

52.02 

JP 

28.70 

24.30 

20.95 

CH 

100.78 

85.68 

72.32 

JP-BI 

31.60 

26.70 

23.00 

CH-BI 

108.70 

92.40 

78.00 

KH 

62.60 

50.60 

43.70 

KH 

52.53 

40.09 

32.90 

KH-BI 

68.90 

55.60 

48.10 

KH-BI 

56.70 

43.20 

35.50 

KP 

31.80 

27.05 

23.05 

LH 

81.60 

69.67 

58.96 

KP-BI 

35.00 

29.80 

25.40 

LH-BI 

88.00 

75.10 

63.60 

SH 

93.90 

85.90 

72.70 

SH 

100.83 

76.76 

62.93 

SH-BI 

103.30 

94.50 

80.00 

SH-BI 

108.70 

82.80 

67.90 





SH/883B1 26.00 

95.15 

78.90 

DAC708BH 

70.80 

67.00 

52.40 





BH-BI 

78.00 

73.70 

57.60 

DAC702BH 

66.56 

52.28 

43.86 

BH/QM 

83.80 

78.80 

61.90 

BH-BI 

71.80 

56.40 

47.30 

KH 

57.00 

46.10 

39.80 

BH/QM 

80.99 

61.15 

52.02 

KH-BI 

62.70 

50.70 

43.80 

CH 

100.78 

85.68 

72.32 

SH 

90.70 

83.00 

70.20 

CH-BI 

108.70 

92.40 

78.00 

SH-BI 

99.80 

91.30 

77.30 

JP 

25.91 

21.93 

19.07 

1 




JP-BI 

27.90 

23.70 

20.60 

DAC709BH 

70.80 

67.00 

52.40 

KH 

52.53 

40.09 

32.90 

BH-BI 

78.00 

73.70 

57.60 

KH-BI 

56.70 

43.20 

35.50 

BH/QM 

83.80 

78.80 

61.90 

KP 

29.07 

24.63 

21.22 

KH 

57.00 

46.10 

39.80 

KP-BI 

31.40 

26.60 

22.90 

KH-BI 

62.70 

50.70 

43.80 

LH 

81.60 

69.67 

58.96 

SH 

90.70 

83.00 

70.20 

LH-BI 

88.00 

75.10 

63.60 

SH-BI 

99.80 

91.30 

77.30 

SH 

100.83 

76.76 

62.93 






NOTES: All prices in U.S. dollars ($) FOB T ucson, Arizona. Quantity discounts available. For more information, please contact your 
local Burr-Brown salesperson or representative. Prices effective until March 31 , 1991 . All prices subject to change without notice. 
Minimum order is $75. 
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USA PRICE LIST 






For Immediate Assistance, Contact Your Local Salesperson 


MODEL 1-24 

25-99 

100 

MODEL 

1-24 

25-99 

100 

DAC70BH-COB-I1 60.85 

121.48 

101.18 

I DAC7541ASH-BI 32.64 

26.64 

19.82 

BH-COB-IBI 173.50 

131.00 

109.10 

! ATH 

34.55 

28.27 

20.91 

BH-CSB-1 160.85 

121.48 

101.18 

ATH-BI 38.00 

31.18 

23.00 

BH-CSB-IBI173.50 

131.00 

109.10 








DAC7545AH 

14.60 

11.90 

8.80 

DAC71-CCD-V 76.50 

65.26 

57.19 

AH-BI 

16.10 

13.10 

9.80 

-COB-1 57.99 

49.47 

43.35 

BH 

17.70 

14.50 

10.80 

-COB-I-BI 62.50 

53.40 

46.80 

BH-BI 

19.50 

16.00 

11.80 

-COB-V 59.16 

53.04 

46.92 

CH 

19.20 

15.80 

11.70 

-COB-V-BI63.80 

57.20 

50.60 

CH-BI 

21.20 

17.40 

12.80 

-CSB-I 57.99 

49.47 

43.35 

GCH 

28.50 

17.30 

14.30 

-CSB-I-BI 62.50 

53.40 

46.80 

GCH-BI 31.40 

19.00 

15.70 

-CSB-V 59.16 

53.04 

46.92 

! GLP 

23.50 

19.20 

14.20 

-CSB-V-BI 63.80 

57.20 

50.60 

! GLP-BI 25.80 

21.20 

15.60 




GLU 

26.20 

22.10 

16.40 

DAC710KH 30.60 

26.01 

22.24 

GUH 

80.80 

66.10 

49.00 




I GUH-BI 88.80 

72.70 

53.90 

DAC711KH 30.60 

26.01 

22.24 

JP 

11.20 

9.20 

6.80 




JP-BI 

12.30 

10.10 

7.50 

DAC725AH 108.40 

87.59 

75.62 

JU 

13.20 

10.80 

8.00 

AH-BI 124.66 

100.73 

86.96 

KP 

14.70 

12.00 

8.90 

BH 134.52 

127.30 

99.56 

KP-BI 

16.20 

13.20 

9.80 

BH-BI 154.70 

146.40 

114.49 

KU 

17.30 

14.10 

10.40 

JP 55.69 

43.96 

35.60 

LP 

16.10 

13.10 

9.70 

JP-BI 68.25 

53.90 

43.65 

LP-BI 

17.70 

14.50 

10.70 

KP 66.40 

52.53 

44.98 

LU 

18.50 

15.10 

11.20 

KP-BI 81.40 

64.40 

55.10 

SH 

41.40 

33.90 

20.60 

SH 169.02 

154.62 

130.86 

SH-BI 

45.60 

37.30 

22.70 

SH/QM 219.73 

201.01 

170.12 

TH 

55.00 

45.00 

33.30 




TH-BI 

60.50 

49.50 

36.60 

DAC729JH 179.00 

157.00 

141.00 

UH 

59.60 

48.80 

36.10 

JH-BI 196.90 

172.70 

155.10 

UH-BI 

65.60 

53.70 

39.70 

KH 249.00 

219.00 

197.00 





KH-BI 273.90 

240.90 

216.70 

DAC7700KD 



18.37 

DAC72BH-COB-I 83.64 

73.44 

59.47 

DAC7701 KD 



18.37 

BH-COB-IBI 92.00 

80.78 

65.38 





BH-COB-V 95.88 

81.60 

65.48 

DAC7802KP 

15.95 

14.05 

12.35 

BH-COB-VBI1 03.40 

88.00 

70.60 

LP 

25.75 

22.65 

19.95 

BH-CSB-I 83.64 

73.44 

59.47 





BH-CSB-IBI 90.20 

79.20 

64.10 

DAC80-CBI-I 

27.40 

17.60 

14.30 

BH-CSB-V 95.88 

81.60 

65.48 

-CBI-I-BI 

30.20 

19.40 

15.70 

BH-CSB-VB1 103.40 

88.00 

70.60 

-CBI-V 

29.40 

19.10 

15.20 




-CBI-V-BI 

32.30 

21.10 

16.70 

DAC7541AAH 11.09 

9.09 

6.73 

-CCD-V 

43.35 

38.76 

26.52 

AAH-B1 12.18 

10.00 

7.36 





ABH 13.40 

12.10 

8.91 

DAC800-CBI-I 

29.58 

24.48 

19.38 

ABH-B1 14.80 

13.31 

9.79 

-CBI-V 

31.62 

26.52 

21.42 

AJP 9.40 

7.80 

5.70 





A JP-BI 10.40 

8.60 

6.30 

DAC80KD-I 



9.89 

AJU 11.60 

9.60 

7.00 

KD-V 



9.89 

AKD 


4.85 

MD-I 



13.87 

AKP 10.50 

8.60 

6.40 

MD-V 



14.96 

AKP-BI 11.50 

9.40 

7.00 

P-CBI-V 

22.80 

16.60 

14.00 

AKU 12.90 

10.60 

7.80 

P-CBI-V-BI25.10 

18.30 

15.40 

ASH 29.64 

24.18 

18.00 

1 Z-CBI-I 

28.56 

23.63 

15.30 


NOTES: All prices in U.S. dollars ($) FOB Tucson, Arizona. Quantity discounts available. For more information, please contact your 
local Burr-Brown salesperson or representative. Prices effective until March 31, 1991. All prices subject to change without notice. 
Minimum order is $75. 


16-6 


Burr-Brown IC Data Book Supplement , Vol. 33b 







Or, Call Customer Service at 1-800-548-6132 (USA Only) 


MODEL 

1-24 

25-99 

100 

MODEL 

1-24 

25-99 

100 

DAC80Z-CBI-I-BI 30.80 

25.50 

16.50 

HI1-0506A-2 

37.38 

32.66 

24.61 

Z-CBI-V 

30.60 

25.66 

16.32 

-2-BI 

41.06 

35.88 

27.03 

Z-CBI-V-BI33.00 

27.70 

17.60 

-5 

19.32 

16.91 

12.77 





-5-BI 

21.16 

18.52 

14.03 

DAC811AH 

24.60 

16.00 

14.80 





AH-BI 

27.00 

17.70 

16.30 

HI1-0507A-2 

37.38 

32.66 

24.61 

BH 

30.20 

19.70 

18.80 

-2-BI 

41.06 

35.88 

27.03 

BH-Bi 

33.20 

21.60 

20.70 

-5 

19.32 

16.91 

12.77 

JD 



10.12 

-5-BI 

21.16 

18.52 

14.03 

JP 

19.70 

13.00 

11.90 





JP-BI 

21.70 

14.30 

13.10 

HI1-0508A-2 

22.66 

19.78 

14.84 

JU 

21.20 

14.30 

13.50 

-2-BI 

24.84 

21.73 

16.33 

KP 

26.20 

17.30 

15.80 

-5 

10.81 

9.43 

7.59 

KP-BI 

28.80 

19.00 

17.40 

-5-BI 

11.85 

10.35 

8.28 

KU 

28.00 

18.50 

17.20 





RH 

78.50 

55.10 

52.90 

HI1-0509A-2 

22.66 

19.78 

14.84 

RH-BI 

86.30 

60.60 

58.20 

-2-BI 

24.84 

21.73 

16.33 

SH 

129.20 

92.70 

85.80 

-5 

10.81 

9.43 

7.13 

SH-BI 

142.00 

102.10 

94.30 

-5-BI 

11.85 

10.35 

7.82 

DAC812BM 

140.30 

128.52 

98.53 

HI3-0506A-5 

15.53 

13.57 

10.81 

CM 

187.43 

142.44 

129.59 

-5-BI 

17.14 

14.95 

11.96 

DAC85H-CBM 

41.97 

30.09 

25.45 

HI3-0507A-5 

15.53 

13.57 

10.81 

H-CBI-I-BI 

45.30 

32.50 

27.40 

-5-BI 

17.14 

14.95 

11.96 

H-CBI-I/QM 

52.17 

37.59 

31.82 





H-CBI-V 

44.52 

32.39 

27.18 

H 13-0508 A-5 

8.74 

7.71 

6.10 

H-CBI-V-BI 

48.00 

34.90 

29.30 

-5-BI 

9.66 

8.40 

6.67 

H-CBI-V/QM 

56.00 

40.49 

34.12 









HI3-0509A-5 

8.74 

7.71 

6.10 

DAC87-CBM 

99.00 

79.30 

71.20 

-5-BI 

9.66 

8.40 

6.67 

-CBI-I/B 

106.05 

85.85 

75.50 





-CBI-V 

99.00 

79.30 

71.20 

HPR1DD DUAL 

12.00 

10.70 

8.25 

-CBI-V/B 106.05 

85.85 

77.25 

SS SINGLE 12.00 

10.70 

8.25 

DAC870V 

80.80 

75.75 

67.70 

INA101AD 



5.05 

V/883B 101.00 

83.30 

75.00 

AD/LAT 



5.05 





AG 

20.00 

14.75 

11.80 

DAC87H-CBI-V 

84.61 

67.47 

58.91 

AG-BI 

25.95 

19.20 

15.30 

H-CBI-V-BI 

91.20 

72.80 

63.50 

AM 

15.60 

11.50 

7.75 

H-CBI-V/QM 102.82 

82.47 

71.76 

AM-BI 

20.25 

14.90 

9.30 





CG 

25.60 

18.80 

17.50 

DIV100HP 

38.80 

29.45 

20.80 

CG-BI 

33.30 

24.50 

22.75 

JP 

54.15 

44.00 

31.80 

CM 

22.95 

16.30 

14.45 

KP 

77.40 

63.00 

45.65 

CM-BI 

29.85 

21.15 

18.75 





HP 

8.20 

6.20 

5.45 

HI-506KD 



8.30 

HP-BI 

9.80 

7.75 

7.00 





KU 

9.20 

6.80 

5.90 

HI-507KD 



8.30 

MD-B 



10.40 





SD 



8.84 

HI-508KD 



4.79 

SG 

30.85 

21.85 

19.85 





SG-BI 

40.10 

28.40 

25.80 

HI-509KD 



4.79 

SM 

24.35 

17.25 

15.70 





SM-BI 

31.65 

22.45 

20.40 





SMQ 

36.25 

26.20 

24.25 





VG 

46.00 

41.60 

39.50 


NOTES: All prices in U.S. dollars ($) FOB T ucson, Arizona. Quantity discounts available. For more information, please contact your 
local Burr-Brown salesperson or representative. Prices effective until March 31 , 1 991 . All prices subject to change without notice. 
Minimum order is $75. 
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USA PRICE LIST 


For Immediate Assistance, Contact Your Local Salesperson 


MODEL 

1-24 

25-99 

100 

MODEL 

1-24 

25-99 

100 

INA1 01 VG/883B 

49.50 

44.75 

42.50 

INA117BM 

15.60 

11.85 

8.90 

VM 

43.75 

39.50 

37.50 

BM-BI 

20.30 

15.30 

10.50 

VM/883B 

47.25 

42.50 

40.50 

KU 

8.20 

6.30 

4.85 





MD-B 



8.50 

INA102AD 



5.20 

P 

7.10 

5.45 

4.20 

AG 

15.55 

12.15 

8.50 

P-BI 

9.10 

7.25 

5.80 

AG-BI 

20.20 

15.80 

10.05 

SD 



7.22 

AU 

9.20 

7.05 

6.25 

SM 

20.55 

15.55 

11.75 

CG 

22.95 

18.70 

12.75 

SM-BI 

26.75 

20.25 

13.85 

CG-BI 

29.85 

24.35 

16.60 









INA120AP 

11.20 

7.85 

5.90 

INA102KP 

8.50 

6.50 

5.75 

BG 

17.40 

12.15 

9.15 

KP-BI 

10.05 

8.05 

7.30 

BP 

15.50 

10.85 

8.15 





CG 

28.10 

19.70 

14.80 

INA103AG 

22.25 

16.20 

12.15 

SG 

42.75 

29.95 

22.50 

BG 

30.00 

21.80 

16.35 





KP 

12.70 

9.25 

6.90 

ISO100AP 

40.50 

33.90 

28.65 





BP 

44.15 

37.30 

32.25 

INA104AM 

31.70 

23.75 

20.75 

CP 

49.25 

42.80 

37.80 

BM 

37.90 

28.70 

25.05 





CM 

48.90 

36.85 

32.25 

ISO102 

28.40 

21.30 

17.70 

SM 

52.25 

39.20 

34.25 

-Bl 

36.95 

27.70 

23.00 





B 

38.30 

29.45 

23.85 

INA105AD 



3.50 

B-BI 

47.90 

38.25 

31.00 

AM 

10.60 

7.80 

6.15 





AM-BI 

13.80 

9.35 

7.70 

ISO103 

48.15 

37.05 

28.50 

BM 

13.20 

9.80 

7.70 

B 

56.60 

43.55 

33.50 

BM-BI 

17.15 

11.35 

9.25 





KP 

6.95 

5.10 

3.75 

ISO106 

37.85 

29.05 

23.55 

KP-BI 

8.55 

6.65 

5.30 

-Bl 

47.35 

37.80 

30.65 

KU 

8.15 

5.80 

4.30 

B 

51.10 

39.25 

31.90 

MD-B 



7.86 

-Bl 

63.85 

49.10 

39.85 

SD 



6.68 









ISO107 

71.80 

55.25 

42.50 

INA106AM 

11.15 

8.20 

6.50 





BM 

13.85 

10.25 

8.10 

ISO108 

27.45 

21.15 

16.25 

KP 

7.25 

5.35 

3.95 









ISO109 

33.45 

25.75 

19.80 

INA110AD 



5.25 





AD/LAT 



5.25 

IS0113 

48.15 

37.05 

28.50 

AG 

19.30 

14.20 

9.65 

B 

56.60 

43.55 

33.50 

AG-BI 

25.05 

18.45 

11.15 





BG 

30.25 

21.55 

14.20 

ISO120BG 

39.45 

29.75 

22.45 

BG-BI 

39.35 

28.00 

18.40 

BG-BI 

51.25 

38.70 

29.15 

KP 

8.35 

6.45 

5.95 

G 

30.50 

23.00 

17.35 

KP-BI 

9.95 

8.00 

7.50 

G-BI 

39.65 

29.90 

22.55 

KU 

10.00 

7.40 

6.65 





MD-B 



10.76 

IS0121BG 

49.30 

37.20 

28.05 

SD 



9.15 

BG-BI 

64.10 

48.35 

36.45 

SG 

32.15 

22.90 

20.55 

G 

38.15 

28.80 

21.75 

SG-BI 

40.25 

29.75 

26.70 

G-BI 

49.60 

37.45 

28.25 

INA117AD 



3.18 

IS0122P 

18.30 

13.80 

10.45 

AD/LAT 



3.18 





AM 

11.25 

8.55 

6.45 

IS0212JP 

42.25 

32.50 

25.00 

AM-BI 

14.65 

9.90 

7.75 

KP 

49.00 

37.70 

29.00 


NOTES: All prices in U.S. dollars ($) FOB Tucson, Arizona. Quantity discounts available. For more information, please contact your 
local Burr-Brown salesperson or representative. Prices effective until March 31 , 1991. All prices subject to change without notice. 
Minimum order is $75. 
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Or, Call Customer Service at 1-800-548-6132 (USA Only) 


MODEL 

1-24 

25-99 

100 

MODEL 

1-24 

25-99 

100 

LOGIOOJP 

55.10 

42.45 

34.35 

OPA1013ACH 

7.75 

7.30 

5.60 





AMH 

11.60 

10.85 

8.35 

MC0068-1 

14.00 

14.00 

14.00 

CH 

4.60 

4.35 

3.35 





CN8 

4.00 

3.65 

2.80 

MPC16S 

24.84 

21.47 

18.21 

DN8 

3.15 

3.00 

2.30 





MH 

8.20 

7.80 

6.00 

MPC4D 

13.87 

12.04 

10.15 

OPA101AM 

48.95 

38.25 

28.70 

MPC800KG 

29.84 

24.68 

20.60 

BM 

61.95 

48.95 

41.10 

MPC801KG 

15.56 

12.85 

10.71 

OPA102AM 

51.80 

40.65 

29.95 





BM 

64.15 

50.45 

42.10 

MPC8D 

24.35 

21.05 

17.85 





S 

13.60 

11.75 

9.95 

OPA103AM 

13.45 

10.45 

7.85 





BM 

18.20 

13.90 

10.35 

MPY100AD 



6.08 

CM 

23.85 

18.00 

13.35 

AG 

17.30 

15.25 

13.10 

DM 

38.25 

28.90 

21.40 

AM 

13.10 

11.55 

9.00 





BG 

28.00 

24.15 

18.45 

OPA104AM 

22.40 

16.95 

11.85 

BM 

21.20 

18.20 

13.10 

BM 

30.30 

23.00 

16.80 

CG 

42.05 

36.55 

29.55 

CM 

37.85 

28.50 

22.00 

CM 

31.80 

27.65 

22.45 





SG 

63.00 

54.85 

36.00 

OPA105UM 

36.15 

31.80 

28.60 

SG/883B 97.00 

80.85 

67.35 

UM/883B 46.20 

40.65 

36.60 

SM 

47.70 

41.50 

30.65 

VM 

56.20 

49.45 

44.50 

SM/883B 78.30 

65.25 

54.40 

1 VM/883B66.15 

58.20 

52.40 





WM 

69.60 

61.25 

55.15 

MPY534AD 



9.38 

| WM/883B79.70 

70.15 

63.15 

AD/LAT 


9.38 





JD 

37.10 

30.10 

21.40 

OPA106UM 

48.45 

42.65 

38.40 

JH 

30.60 

24.70 

16.60 

1 UM/883B 56.20 

49.45 

44.50 

KD 

50.00 

41.55 

30.10 

VM 

60.80 

53.50 

48.15 

KH 

42.25 

35.20 

25.45 

VM/883B 74.65 

65.70 

59.15 

LD 

79.50 

65.00 

47.70 

| WM 

80.85 

71.15 

64.05 

LH 

67.30 

54.60 

38.75 

WM/883B94.75 

83.40 

75.05 

MD-B 



19.20 





SD 

97.00 

79.55 

62.20 

OPA111AD 



4.20 

SD/883B1 19.45 

99.55 

82.95 

AD/LAT 



4.20 

SH 

86.90 

70.20 

54.55 

AM 

12.50 

9.65 

6.30 

SH/883B1 06.40 

88.65 

73.85 

AM-BI 

16.25 

11.25 

7.85 

TD 

123.50 

101.40 

78.55 

BM 

21.60 

16.35 

12.65 

TD/883B151.25 

126.10 

105.00 

BM-BI 

28.10 

21.20 

16.40 

TH 

113.95 

90.50 

70.90 

MD-B 



12.79 

TH/883B1 33.45 

111.15 

92.65 

SD 



9.21 





SM 

25.55 

19.35 

15.90 

MPY600AP 

16.65 

13.25 

9.95 

SM-BI 

33.25 

25.15 

20.70 

MPY634AM 

BM 

KP 

22.75 

32.90 

16.80 

17.90 

25.85 

13.15 

12.25 

18.30 

9.40 

SMQ 33.05 

VM 27.30 

VM/883B36.75 

26.45 

21.50 

31.50 

21.25 

17.85 

28.35 

KU 18.40 

SD/883B1 56.80 
SH/883B1 50.24 

SM 81.45 

SMQ 109.95 

14.45 

132.15 

125.60 

64.40 

86.95 

10.30 

111.50 

104.95 

46.60 

62.90 

OPA121KM 

KM-BI 

KP 

KP-BI 

KU 

7.80 

9.40 

6.40 

8.00 

8.80 

5.00 

6.55 

4.05 

5.60 

4.75 

3.70 

5.25 

3.00 

4.55 

3.45 


NOTES: All prices in U.S. dollars ($) FOB Tucson, Arizona. Quantity discounts available. For more information, please contact your 
local Burr-Brown salesperson or representative. Prices effective until March 31 , 1 991 . All prices subject to change without notice. 
Minimum order is $75. 
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USA PRICE LIST 


For Immediate Assistance, Contact Your Local Salesperson 


MODEL 

1-24 

25-99 

100 

MODEL 

1-24 

25-99 

100 

OPA128JD 



7.78 

OPA27AJ 

27.05 

18.95 

14.85 

JD/LAT 



7.78 

AZ 

27.05 

18.95 

14.85 

JM 

13.75 

11.10 

9.15 

BJ 

13.55 

9.50 

7.75 

JM-BI 

17.85 

14.40 

10.65 

BZ 

13.55 

9.50 

7.75 

KM 

19.25 

15.50 

12.75 

CD 



4.05 

KM-BI 

25.00 

20.10 

16.60 

CJ 

10.70 

7.45 

5.95 

LM 

23.85 

19.20 

15.75 

cz 

10.70 

7.45 

5.95 

LM-BI 

31.00 

24.95 

20.50 

EJ 

11.80 

8.25 

6.75 

MD-B 



15.95 

EZ 

11.80 

8.25 

6.75 

SD 



13.55 

FJ 

8.50 

5.95 

4.75 

SM 

50.00 

40.20 

33.15 

FZ 

8.50 

5.95 

4.75 

SM-BI 

62.50 

50.25 

41.45 

GD 



2.70 

SM/883B 65.25 

57.10 

51.40 

GJ 

6.65 

4.65 

3.60 





GP 

2.80 

1.95 

1.55 

OPA156AD 



4.96 

GU 

5.30 

3.70 

2.95 

AM 

14.30 

10.75 

7.75 

GZ 

6.65 

4.65 

3.60 





HT 

71.15 

57.65 

45.00 

OPA2107AD 



6.84 

MD-B 



5.74 

AM 

13.45 

10.20 

8.05 





AM-BI 

15.45 

11.75 

9.25 

OPA356AM 

9.20 

7.20 

5.15 

AP 

10.80 

7.50 

5.70 





AP-BI 

12.40 

8.65 

6.55 

OPA37AJ 

27.05 

18.95 

14.85 

AU 

12.40 

8.65 

6.55 

AZ 

27.05 

18.95 

14.85 

BM 

19.20 

13.95 

10.90 

CD 



4.05 

BM-BI 

22.10 

16.05 

12.55 

CJ 

10.70 

7.45 

5.95 

SD 



11.90 

CZ 

10.70 

7.45 

5.95 

SM 

34.65 

25.95 

19.80 

EJ 

11.80 

8.25 

6.75 

SM-BI 

39.85 

29.85 

22.75 

EZ 

11.80 

8.25 

6.75 





FJ 

8.50 

5.95 

4.75 

OPA2111AD 



7.59 

FZ 

8.50 

5.95 

4.75 

AD/LAT 


7.59 

GD 



2.70 

AM 

18.60 

13.95 

11.55 

GJ 

6.65 

4.65 

3.60 

AM-BI 

24.15 

18.10 

15.00 

GP 

2.80 

1.95 

1.55 

BM 

33.30 

25.25 

19.05 

GU 

5.30 

3.70 

2.95 

BM-BI 

41.60 

32.85 

24.80 

GZ 

6.65 

4.65 

3.60 

KM 

11.25 

8.80 

5.70 

MD-B 



5.74 

KM-BI 

14.65 

10.35 

7.25 





KP 

8.95 

6.15 

4.65 

OPA404AD 



6.44 

KP-BI 

10.55 

7.70 

6.15 

AG 

18.65 

14.75 

10.05 

MD-B 



15.56 

BG 

24.65 

18.55 

14.45 

SD 



13.22 

KP 

12.55 

9.60 

7.10 

SM 

33.95 

25.75 

19.40 

KU 

14.45 

11.10 

8.10 

SM-BI 

42.45 

33.50 

25.20 

SG 

36.45 

27.40 

22.45 

SM/883B49.60 

42.50 

38.25 









OPA445AD 



3.44 

OPA21GD 



2.20 

AP 

7.15 

5.15 

3.90 

GD/LAT 



2.20 

BM 

7.35 

5.40 

4.05 

MD-B 



4.51 

SM 

25.25 

19.30 

13.50 

SD 



3.83 

SM/883B 56.25 

50.65 

46.85 

OPA2541AM 

53.80 

38.25 

29.55 

OPA501AM 

66.55 

47.15 

36.55 

AM-BI 

64.55 

47.85 

38.40 

BM 

78.55 

56.40 

42.60 

BM 

63.35 

45.10 

34.85 

RM 

85.40 

58.10 

47.80 

BM-BI 

76.00 

56.35 

43.55 

SM 

102.25 

70.55 

56.15 

SM 

90.95 

64.95 

50.20 

VM 

100.80 

88.70 

79.80 

SM-BI 

109.15 

77.95 

62.75 

VM/883B1 05.00 

92.40 

82.95 


NOTES: All prices in U.S. dollars ($) FOB Tucson, Arizona. Quantity discounts available. For more information, please contact your 
local Burr-Brown salesperson or representative. Prices effective until March 31 , 1 991 . All prices subject to change without notice. 
Minimum order is $75. 
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Or, Call Customer Service at 1-800-548-6132 (USA Only) 


MODEL 

1-24 

25-99 

100 

MODEL 

1-24 

25-99 

100 

OPA511AM 

50.10 

42.05 

37.00 

OPA620AD 



14.00 





AD/LAT 



14.00 

OPA512BM 

70.70 

58.90 

51.95 

KG 

20.20 

16.75 

14.75 

SM 

85.15 

72.65 

65.90 

KP 

13.65 

11.30 

9.95 

SMQ 

123.00 

106.90 

98.90 

KU 

13.85 

11.50 

10.15 





LG 

27.50 

22.80 

20.10 

OPA541AD 



17.70 

MD-B 



28.70 

AD/LAT 


17.70 

SD 



21.70 

AM 

32.85 

23.35 

18.05 

SG 

43.80 

36.35 

32.00 

AM-BI 

41.10 

30.35 

23.45 





AP 

16.40 

12.90 

9.95 

OPA621AD 



14.00 

AP-BI 

21.25 

16.75 

12.90 

AD/LAT 



14.00 

BM 

38.70 

27.50 

21.25 

KG 

20.20 

16.75 

14.75 

BM-BI 

48.40 

35.80 

27.65 

KP 

13.65 

11.30 

9.95 

MD-B 



29.65 

KU 

13.85 

11.50 

10.15 

SD 



24.75 

LG 

27.50 

22.80 

20.10 

SM 

56.60 

40.40 

31.20 

MD-B 



28.70 

SM-BI 

67.95 

50.50 

39.00 

SD 



21.70 

SM/883B1 15.30 

100.90 

90.80 

SG 

43.80 

36.35 

32.00 

OPA600BM 

103.89 

86.75 

79.25 

OPA627AD 



14.45 

CM 

127.45 

108.17 

103.89 

AD/LAT 



14.45 

VM 

183.75 

160.65 

150.15 

AM 

14.80 

10.75 

8.45 

VM/BBC204.75 

184.80 

171.15 

AP 

13.15 

9.55 

7.50 





AU 

15.10 

11.00 

8.65 

OPA602AD 



3.22 

BM 

26.15 

19.00 

14.95 

AD/LAT 



3.22 

BP 

22.60 

16.45 

12.95 

AM 

7.50 

5.35 

4.15 

SD 



24.80 

AM-BI 

8.95 

6.75 

5.50 

SM 

49.90 

37.00 

29.15 

AP 

4.60 

2.95 

2.40 





AP-BI 

6.20 

4.50 

3.95 

OPA633AD 



2.94 

AU 

5.30 

3.45 

2.75 

AD/LAT 



2.94 

BM 

11.70 

8.30 

6.45 

KP 

7.05 

5.80 

4.70 

BM-BI 

15.20 

9.90 

7.95 

KP-BI 

8.65 

7.40 

6.20 

BP 

6.90 

5.15 

4.05 

MD-B 



9.25 

BP-BI 

8.50 

6.70 

5.55 

SD 



7.86 

CM 

17.05 

12.15 

9.40 





CM-BI 

22.20 

15.80 

10.90 

OPA637AD 



14.45 

MD-B 



6.60 

AD/LAT 



14.45 

SD 



5.61 

AM 

14.80 

10.75 

8.45 

SM 

27.25 

19.45 

15.00 

AP 

13.15 

9.55 

7.50 

SM-BI 

35.40 

25.25 

19.50 

AU 

15.10 

11.00 

8.65 

SM/883B 53.00 

47.70 

44.15 

BM 

26.15 

19.00 

14.95 





BP 

22.60 

16.45 

12.95 

OPA605AM 

87.15 

67.85 

57.65 

SD 



24.80 

CM 

121.15 

92.85 

80.15 

SM 

49.90 

37.00 

29.15 

OPA606KD 



2.54 

OPA675JD 



40.00 

KM 

7.10 

5.15 

3.95 

JD/LAT 



40.00 

KP 

4.65 

3.40 

2.80 

JG 

29.78 

25.35 

22.80 

LM 

17.30 

11.75 

9.30 

KG 

40.55 

34.48 

31.01 

SM 

17.75 

12.05 

9.60 

SD 



54.00 





SG 

64.57 

54.88 

49.42 


NOTES: All prices in U.S. dollars ($) FOB Tucson, Arizona. Quantity discounts available. For more information, please contact your 
local Burr-Brown salesperson or representative. Prices effective until March 31 ,1991. All prices subject to change without notice. 
Minimum order is $75. 
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For Immediate Assistance, Contact Your Local Salesperson 


MODEL 

1-24 

25-99 

100 

MODEL 

1-24 

25-99 

100 

OPA676JD 



40.00 

PGA100BG 

92.35 

75.20 

62.50 

JD/LAT 



40.00 

BG-BI 

110.75 

90.20 

74.95 

JG 

29.78 

25.35 

22.80 





KG 

40.55 

34.48 

31.01 

PGA102AD 



3.57 

SD 



54.00 

AG 

14.05 

10.90 

8.80 

SG 

64.57 

54.88 

49.42 

AG-BI 

18.30 

14.20 

10.35 





BG 

25.60 

19.70 

15.90 

PC862/863-1 

16.00 

16.00 

16.00 

BG-BI 

33.30 

25.65 

20.70 

-2 

16.00 

16.00 

16.00 

KP 

7.65 

5.75 

4.60 





KP-BI 

9.20 

7.35 

6.10 

PCM1700P 

27.05 

23.80 

0.00 

SG 

31.30 

24.20 

19.40 

-J 

31.30 

27.55 

24.25 

SG-BI 

40.70 

31.45 

25.20 

-K 

42.00 

36.95 

32.50 





U 

27.05 

23.80 

20.95 

PGA200AG 

66.05 

48.45 

40.20 

U-J 

31.30 

27.55 

24.25 

AG-BI 

79.25 

60.60 

50.25 

-K 

42.00 

36.95 

32.50 

BG 

74.15 

56.75 

47.45 





BG-BI 

89.00 

68.05 

59.30 

PCM53JP-I 

21.50 

18.90 

16.65 





JP-V 

21.50 

18.90 

16.65 

PGA201AG 

66.05 

48.45 

40.20 

KP-I 

28.50 

25.10 

22.10 

AG-BI 

79.25 

60.60 

50.25 

KP-V 

28.50 

25.10 

22.10 

BG 

74.15 

56.75 

47.45 





BG-BI 

89.00 

68.05 

59.30 

PCM54HP 

17.10 

15.05 

13.25 





JP 

19.70 

17.35 

15.25 

PGA202AG 

16.75 

12.90 

9.90 

KP 

25.75 

22.65 

19.95 

BG 

21.90 

16.85 

12.95 





KP 

11.75 

9.05 

6.95 

PCM55HP 

17.10 

15.05 

13.25 





JP 

19.70 

17.35 

15.25 

PGA203AG 

16.75 

12.90 

9.90 





BG 

21.90 

16.85 

12.95 

PCM56P 

17.10 

15.05 

13.25 

KP 

11.75 

9.05 

6.95 

-J 

19.70 

17.35 

15.25 





-K 

25.75 

22.65 

19.95 

PWS725A 

40.05 

30.25 

22.80 

PCM58P 

26.60 

23.40 

20.60 

PWS726A 

49.60 

37.45 

28.25 

-J 

30.35 

26.70 

23.50 





-K 

36.95 

32.50 

28.60 

PWS727 

28.75 

22.10 

17.00 

PCM60P 

22.65 

19.95 

17.55 

PWS728 

28.75 

22.10 

17.00 

-J 

26.20 

23.05 

20.30 









PWS740-1 

22.25 

17.25 

13.00 

PCM61P 

18.15 

15.95 

14.05 

-2 

4.45 

3.40 

2.55 

-J 

20.95 

18.45 

16.25 

-3 

2.25 

1.65 

1.30 

-K 

28.50 

25.10 

22.10 









PWS750-1 

5.90 

4.55 

3.50 

PCM64P 

39.70 

34.95 

30.75 

-2 

6.45 

4.95 

3.80 





-3 

2.30 

1.75 

1.35 

PCM66P 

22.65 

19.95 

17.55 

-4 

6.45 

4.95 

3.80 

-J 

26.20 

23.05 

20.30 









RCV420AG 

12.50 

9.45 

7.15 

PCM75JG 

140.30 

122.09 

93.18 

BG 

15.20 

11.50 

8.65 

KG 

159.58 

138.16 

106.03 

KP 

8.05 

6.10 

4.60 

PCM78P 

42.00 

36.95 

32.50 

REF101JM 

39.25 

33.40 

25.80 





KM 

48.90 

42.05 

33.00 

PGA100AG 

83.30 

66.70 

57.25 

RM 

42.90 

36.90 

28.85 

AG-BI 

99.95 

80.10 

68.75 

SM 

53.80 

46.80 

37.15 


NOTES: All prices in U.S. dollars ($) FOB Tucson, Arizona. Quantity discounts available. For more information, please contact your 
local Burr-Brown salesperson or representative. Prices effective until March 31 ,1991. All prices subject to change without notice. 
Minimum order is $75. 
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Or, Call Customer Service at 1-800-548-6132 (USA Only) 


MODEL 

1-24 

25-99 

100 

MODEL 

1-24 

25-99 

100 

REF101SMQ 

77.75 

68.65 

56.85 

SDM863KL 

179.00 

154.00 

129.00 





RH 

139.00 

119.00 

99.00 

REF102AM 

6.35 

4.90 

3.75 

RH/QM 

199.00 

169.00 

139.00 

AP 

4.65 

3.60 

2.75 

RL 

139.00 

119.00 

99.00 

AU 

5.30 

4.10 

3.15 

RL/QM 

199.00 

169.00 

139.00 

BM 

9.00 

6.90 

5.30 

SH 

329.00 

299.00 

269.00 

BP 

6.10 

4.65 

3.60 

SH/QM 

459.00 

419.00 

379.00 

CM 

12.00 

9.25 

7.10 

SL 

329.00 

299.00 

269.00 

RM 

15.20 

11.70 

9.00 

SL7QM 

459.00 

419.00 

379.00 

SM 

23.65 

18.20 

14.00 









SDM872AH 

136.85 

116.73 

96.60 

REF10JM 

22.10 

18.80 

15.30 

AL 

136.85 

116.73 

96.60 

KM 

30.60 

26.40 

21.95 

BH 

263.35 

228.85 

194.35 

RM 

25.35 

21.60 

17.60 

BL 

263.35 

228.85 

194.35 

SM 

37.35 

31.65 

25.80 

JH 

113.85 

96.60 

79.35 

SMQ 

54.05 

46.40 

39.40 

JL 

113.85 

96.60 

79.35 





KH 

205.85 

177.10 

148.35 

REF200AM 

5.65 

4.35 

3.45 

KL 

205.85 

177.10 

148.35 

AM-BI 

7.25 

5.95 

5.00 

RH 

159.85 

136.85 

113.85 

AP 

4.55 

3.30 

2.50 

RH/QM 

228.85 

194.35 

159.85 

AP-BI 

6.15 

4.85 

4.05 

RL 

159.85 

136.85 

113.85 

AU 

5.25 

3.80 

2.85 

RL/QM 

228.85 

194.35 

159.85 





SH 

378.35 

343.85 

309.35 

SDM854AG 

266.02 

212.82 

178.60 

SH/QM 

527.85 

481.85 

435.85 

BG 

295.19 

236.90 

197.63 

SL 

378.35 

343.85 

309.35 





SL/QM 

527.85 

481.85 

435.85 

SDM856JG 

229.30 

183.70 

153.31 





KG 

277.44 

221.70 

186.20 

SDM873AH 

136.85 

116.73 

96.60 





AL 

136.85 

116.73 

96.60 

SDM857JG 

245.77 

196.35 

164.68 

BH 

263.35 

228.85 

194.35 

KG 

293.91 

235.62 

196.35 

BL 

263.35 

228.85 

194.35 





JH 

113.85 

96.60 

79.35 

SDM862AH 

119.00 

101.50 

84.00 

JL 

113.85 

96.60 

79.35 

AL 

119.00 

101.50 

84.00 

KH 

205.85 

177.10 

148.35 

BH 

229.00 

199.00 

169.00 

KL 

205.85 

177.10 

148.35 

BL 

229.00 

199.00 

169.00 

RH 

159.85 

136.85 

113.85 

JH 

99.00 

84.00 

69.00 

RH/QM 

228.85 

194.35 

159.85 

JL 

99.00 

84.00 

69.00 

RL 

159.85 

136.85 

113.85 

KH 

179.00 

154.00 

129.00 

RL/QM 

228.85 

194.35 

159.85 

KL 

179.00 

154.00 

129.00 

SH 

378.35 

343.85 

309.35 

RH 

139.00 

119.00 

99.00 

SH/QM 

527.85 

481.85 

435.85 

RH/QM 

199.00 

169.00 

139.00 

SL 

378.35 

343.85 

309.35 

RL 

139.00 

119.00 

99.00 

SL/QM 

527.85 

481.85 

435.85 

RL7QM 

199.00 

169.00 

139.00 





SH 

329.00 

299.00 

269.00 

SHC298AJP 

6.30 

5.25 

4.25 

SH/QM 

459.00 

419.00 

379.00 

AJP-BI 

7.20 

6.00 

4.90 

SL 

329.00 

299.00 

269.00 

AM 

8.35 

5.80 

4.75 

SL/QM 

459.00 

419.00 

379.00 

AM-BI 

9.60 

6.70 

5.50 





JP 

3.99 

3.15 

2.57 

SDM863AH 

119.00 

101.50 

84.00 

JP-BI 

4.56 

3.60 

2.97 

AL 

119.00 

101.50 

84.00 

JU 

4.33 

3.61 

2.98 

BH 

229.00 

199.00 

169.00 





BL 

229.00 

199.00 

169.00 

SHC5320KD 



11.70 

JH 

99.00 

84.00 

69.00 

KH 

13.60 

11.80 

8.90 

JL 

99.00 

84.00 

69.00 

KP 

12.70 

11.00 

8.30 

KH 

179.00 

154.00 

129.00 

SH 

34.20 

29.50 

26.60 


NOTES: All prices in U.S. dollars ($) FOB T ucson, Arizona. Quantity discounts available. For more information, please contact your 
local Burr-Brown salesperson or representative. Prices effective until March 31 ,1991. All prices subject to change without notice. 
Minimum order is $75. 
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For Immediate Assistance, Contact Your Local Salesperson 


MODEL 

1-24 

25-99 

100 

MODEL 

1-24 

25-99 

100 

SHC600BH 

270.00 

256.00 

235.00 

VFC32BD 



5.55 

BHQ 

356.00 

345.00 

315.00 

BM 

12.65 

10.35 

8.10 





KP 

9.50 

7.75 

6.05 

SHC601BH 

218.00 

207.00 

190.00 

KU 

10.90 

9.10 

7.10 





MD-B 



11.38 

SHC702JM 

202.00 

187.00 

168.00 

SD 



9.67 





SM 

19.40 

15.60 

12.10 

SHC76BM 

106.03 

80.33 

67.47 

SMQ 

27.15 

22.30 

17.60 

BM-BI 

119.50 

90.60 

76.10 

VM 

24.25 

19.70 

18.70 

KM 

91.09 

69.72 

58.50 

VM/883B 

36.35 

29.05 

27.52 

KM-BI 

102.70 

78.60 

66.00 

WM 

30.30 

24.25 

22.95 





WM/883B 

34.35 

27.75 

26.25 

SHC803BM 

186.35 

144.59 

131.73 





CM 

216.34 

163.86 

149.94 

VFC42BM 

37.70 

30.20 

25.15 





SM 

45.75 

36.05 

28.25 

SHC804BM 

171.36 

129.59 

117.81 

SMQ 

68.80 

55.30 

44.20 

BMQ 

212.06 

161.72 

146.73 





CM 

187.43 

141.37 

129.59 

VFC52BM 

37.70 

30.05 

25.15 

CMQ 

234.55 

177.79 

161.72 









VFC62BG 

19.90 

13.85 

10.05 

SHC85 

124.13 

86.14 

72.22 

CG 

24.70 

16.70 

13.55 

ET 

187.48 

139.33 

134.28 









XTR101AD 



5.61 

UAF21 

117.45 

98.95 

64.65 

AG 

13.30 

10.85 

9.05 

41 

26.70 

17.10 

13.30 

AG-BI 

17.30 

14.15 

11.75 





AP 

9.65 

7.85 

6.50 

VFC100AD 



4.90 

AP-BI 

11.25 

9.40 

8.00 

AG 

11.60 

9.50 

7.45 

AU 

10.20 

8.20 

6.85 

BG 

18.25 

14.90 

11.75 

BG 

19.65 

16.05 

13.35 

SG 

21.10 

17.40 

14.65 

BG-BI 

25.55 

20.90 

17.40 

VFC101AD 



4.90 

XTR110AD 



4.95 

JN 

14.80 

11.35 

8.75 

AG 

12.30 

9.70 

8.10 

KN 

19.30 

13.75 

11.40 

AG-BI 

16.00 

11.30 

9.65 

SD 



8.54 

BG 

18.45 

14.55 

12.15 





BG-BI 

23.95 

18.95 

15.75 

VFC110AG 

19.05 

13.70 

10.15 

KP 

8.45 

6.60 

5.40 

AP 

14.50 

10.30 

8.10 

KP-BI 

10.00 

8.15 

6.95 

BG 

23.55 

16.90 

13.45 

KU 

9.55 

7.30 

5.90 

SG 

26.90 

19.35 

16.10 





VFC121AP 

12.15 

9.55 

7.35 





BP 

16.40 

12.95 

9.95 





VFC320AD 



7.05 





BG 

17.75 

12.85 

9.60 





BM 

17.40 

12.45 

9.40 





CG 

23.05 

16.10 

12.95 





CM 

20.65 

14.65 

11.75 





SD 



12.28 





SM 

26.25 

18.75 

15.35 






NOTES: All prices in U.S. dollars ($) FOB T ucson, Arizona. Quantity discounts available. For more information, please contact your 
local Burr-Brown salesperson or representative. Prices effective until March 31 , 1991 . All prices subject to change without notice. 
Minimum order is $75. 
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Burr-Brown Corporation 
International Airport Industrial Park 


Street Address: 

6730 S. Tucson Blvd. 
Tucson, AZ 85706 

Mailing Address: 

PO Box 11400 
Tucson, AZ 85734-1400 

Tel: (602) 746-1111 
Twx: 910-951-1111 
Cable: BBRCORP 
Telex: 066-6491 


FOR IMMEDIATE PRODUCT 
INFORMATION CONTACT YOUR 
LOCAL BURR-BROWN 
SALESPERSON OR 
REPRESENTATIVE. OR, CALL (USA 
ONLY) TOLL-FREE 1-800-548-6132. 
FAX: (602) 741-3895 


